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Abstract 
Twenty-six species and two subspecies comprising the world 
fauna of Dytiscus Linnaeus are keyed, redefined, 
characterized and illustrated. Arrangement of Dytiscus into 
subgenera is unwarranted based on the phylogenetic analysis 
presented. Taxonomic changes include recognition of 
D. carolinus Aubé 1838; synonymy of D. validus Régimbart 
1899 (=D. sharpi Wencke 1875); use of D. czerskii Zaitsev 
1953 at subspecific level for eastern Palearctic specimens 
within D. marginalis Linnaeus 1758 (western Palearctic 
specimens); arrangement of D. lapponicus Gyllenhal 1808 into 
two subspecies, the nominate, widespread Palearctic form, 
and D. lapponicus disjunctus Camerano 1880 from the European 
Alps; and synonymy of D. piceatus Sharp 1882 (=D. Jatro 
Sharp 1882). Nearctic records of D. marginalis refer to 
D. cordieri Aubé 1838. Even though types were not seen, the 
names D. albionicus and D. fuscostriatus, both of 
Motschulsky 1859, are transferred to synonymy with 
D. marginicollis LeConte 1845. Lectotype designations are 
provided for the following: D. sharpi Wehncke 1875 (male in 
MNHN, labelled: Japonia); D. validus Régimbart 1899 
(=D. sharpi Wehnke 1875) (male in MNHN, labelled: Nagahama) ; 
D. pisanus LaPorte Compte de Castelnau 1835 (male in BMNH 
labelled: Italia); D. submarginalis Stephens 1828 
(=D. marginalis Linnaeus 1758) (male in BMNH, without 
locality data); D. angustatus Stephens 1828 


(=D. circumcinctus Ahrens 1811) (male in BMNH, without 
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locality data); D. parvulus Motschulsky 1852 (=D. alaskanus 
J. Balfour-Browne 1944) (male in UMHF, labelled: Kadjak); 
and D. dauricus Gebler 1832 (male in MNHN, labelled: Sib.or. 
62 )% 

Information concerning holotypes is as follows: 
D. marginicollis LeConte 1851 (female in MCZC, labelled with 
green circular label: Type 6091); D. hatchi Wallis 1950 
(male in CNIC, labelled: Pond N. of Bethel, Washington, 
Apr.21, 1940); D. sublimbatus LeConte 1857 (=D. cordieri 
Aubé 1838) (female in MCZC, labelled: Or.); D. pisanus var. 
nonsulcatus Zimmermann 1919 (in ZSBS, labelled: Tanger); 
D. persicus Wehncke 1876 (female in MNHN, labelled: Persia, 
settente.); D. Jatro Sharp 1882 (female in BMNH labelled: 
Manchuria); D. piceatus Sharp 1882 (=D. Jatro Sharp 1882) 
(male in BMNH labelled: Irkutsk, Siberia); D. stadleri 
Gschwendtner 1938 (=D. Jatro Sharp 1882) (male in ZSBS, 
labelled: [indistinguishable writing, ?=Berisovka]); and 
D. sinensis Feng 1935 (male in USNM, labelled: Szechuen, 
GHINAC UD. OfGtahame tYin=Kuan=Tsar; rd27s00cét.. Fegii921.30): 

Treatment of each taxon includes, when appropriate: 
Ssynonymic list with information about type locality and 
label information from types examined, derivation of 
epithet, notes about type material, diagnostic combination, 
description in tabular form, taxonomic notes, discussion of 
variation, discussion of natural history, general 
description of distribution as well as map of localities, 


chorological and phylogenetic relationships. In addition, 
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line drawings of dorsal view of adults, coloration of 
pterothoracic and abdominal sterna, metacoxal processes and 
trochanter shape are provided. Views of dorsal, ventral and 
lateral aspect of the median lobe of adult males are 
represented by scanning electron micrographs. 

Cladistic analysis shows that the sister group of 
Holarctic Dytiscus is the Australian genus Hyderodes. 
Ancestral Dytiscinae probably arose in southern Gondwanaland 
or Pangaea, with the separation of African and Australian 
plates providing vicariant separation of ancestral stocks of 
these genera. Mountain ranges have existed along the 
southern edge of Gondwanaland since the Upper Jurassic. 
Although these mountains provided a corridor to terrestrial 
fauna and stream inhabitants, they probably formed a barrier 
to taxa adapted to deciduous forest ponds — the habitat of 
Original as well as plesiotypic, extant Dytiscini. Ancestral 
Dytiscus dispersed northward through Africa along a 
temperate forest corridor to reach Laurasia. Subsequently, 
Dytiscus became extinct in the Afrotropical region. 

Ancestors of at least two plesiotypic clades, 

D. verticalis species-group (monobasic), and D. hybridus 
species-group (D. harrisii Kirby, D. hybridus Aube, 

D. marginicol]lis LeConte and D. habilis Say), were present 
on Laurasia prior to its breakup into North America and 
Eurasia, even though both lineages are now exclusively 
Nearctic. A zoogeographic treatment of these species-groups 


incorporates ecological, chorological and phylogenetic 
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information. Two co-occurring species, D. hybridus and 

D. verticalis, occupy ancestral habitats, but differ 
markedly in body size (possibly arising vicariantly with 
character displacement allowing habitat partitioning). 
Another species, D. harrisii, occupies the same range, but 
prefers more lotic habitats (possibly representing sympatric 
speciation by habitat specialization). The other two 
species, western D. marginicollis and Mexican D. habilis 
have ranges which do not overlap that of their closest 
relative, and are probably derived by vicariant speciation 


events. 
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1. Introduction 
The Zoological Institute of Marburg, Germany must have been 
an exciting place for study of dytiscids during the late 
19th and early 20th century. Professor E. Korschelt was in 
charge of a battery of students whose general project was 
intensive and careful investigations of all aspects of 
taxonomy, natural history, structure, function, etc. of 
Dytiscus. This group concentrated on one of the larger, most 
commonly available species, Dytiscus marginalis L. Their 
collective efforts culminated in a magnificent two volume 
work of more than 1800 pages edited by Korschelt (1923, 
1924). Some, but not all, chapters of this work had been 
published elsewhere by the contributing authors. This work 
and subsequent contributions by both these and other workers 
must make D. marginalis at least the most studied member of 
Adephaga and possibly one of the most studied beetles. 

The genus Dytiscus is one of the 25 genera originally 
recognized as comprising the Coleoptera by Linnaeus 
(1758:342). The Linnaean definition of Dytiscus was based 
primarily on presence of natatory setae on the posterior 
legs, and as such it contained beetles now assigned to 
Hydophiloidea and Dryopoidea as well as Dytiscoidea. Of the 
fifteen taxa assigned to Dytiscus by Linnaeus, only two 
(D. latissimus and D. marginalis) are accepted within the 
present definition of the genus, established by Erichson (1832) 

Even the correct spelling and meaning of the generic 


epithet has engendered controversy. According to Blunck 
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(1913:8) and J. Balfour-Browne (1960), Geoffroy (1762:185) 
was probably the first author to note that Dytiscus was an 
incorrect transliteration of the Greek word for 'diver'. 
Many authors subsequently used the emended "Dyticus" or 
"Diticus", although Schmeidlin (1786:239) suggested that 
Linnaeus’ spelling may be derived from the word 'disci' 
referring to the form of the male protarsus of specimens of 
Dytiscus (Blunck 1913:9). This would appear unlikely given 
the composition of the genus by Linnaeus. The present 
spelling of the generic name was established as valid in 
1961 by Opinion 619, Bulletin of Zoological Nomenclature 18. 
Blunck (1913:2-30) discusses the early, including 
pre-Linnean, taxonomic history of Dytiscus. Blunck's 
treatment is exceptionally thorough and is invaluable as a 
source for, and interpretation of, the early treatises which 
treat various species of Dytiscus, but perhaps more 
importantly, he has allowed entrance into philosophical and 
interpretive aspects of the work of these early 
Systematists. This is particularly useful because of the 
nomenclatural problems such as those created by the 
treatment of dimorphic adult females (elytron either sulcate 
Or non-sulcate). Perhaps no other feature of Dytiscus has 
led to the proliferation of names, long and sometimes heated 
discussions of nomenclature in the literature, as well as 
loss of time from more important taxonomic endeavours, as 
has that created by the occurrence of two states of female 


elytra. The two forms of any given European species were 
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consistently provided with separate specific level epithets. 
Subsequent demonstration of the dimorphic nature of this 
variation has led to retention and demotion of these names 
to the level of variety and abberration. Use of such names 
in one taxon has precipitated creation of corresponding 
names in other taxa, which has in turn brought about debate 
of proper assignment of varietal names, concluding in 
further confusion and nomenclatural difficulties. 

One hundred years have passed since the world fauna of 
Dytiscus was last described and compared by David Sharp 
(1882). Previous to this, the only comprehensive analysis of 
the burgeoning knowledge of the world fauna had been that of 
Charles Aubé in 1838. Both monographs included much new 
knowledge about adult Hydradephaga in general, and about 
members of DytiscusS in particular. Many of the characters 
used in the present classification of these groups were 
first presented in these works. These books, in my opinion, 
represent two of the most outstanding studies of 
classification of Hydradephaga. Quality and importance of 
such works is dependent upon two factors: ability of the 
taxonomist and quality and diversity of specimens available. 
The high degree of ability of both these workers is evident 
from, and has been tested by, the continuing importance of 
these publications. Almost as important are the collections 
with which these men worked. Aubé and Sharp had the 
advantage of extensive, worldwide collections accumulated 


within Europe during the 18th and 19th centuries. 
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Since 1882, additional names and synonymies have been 
proposed, and many new distributional records acquired. 
Because of the amount of information available concerning 
various members of Dytiscus, even knowledgeable 
coleopterists have assumed that this genus was well 
understood taxonomically. However, those who have attempted 
to identify specimens of Dytiscus to species (from areas 
outside Europe) discovered that this was difficult to 
accomplish. Reference to such recent works as Wallis (1950), 
Zaitsev (1953:341-354), Pederzani (1971) and Larson 
(1975:394-405) demonstrated that there was no lack of 
distinctive character states in external features and male 
genitalia, yet showed that type material of some species was 
inadequately understood and generally made it apparent that 
much still remained to be discovered about classification of 
the species of this genus. More specifically, they revealed 
that an adequate revision would have to be based on a 
world-wide study. 

Achievement of the means to easily and accurately 
identify specimens of species is only the first step in 
gaining understanding of a genus. Additional steps which 
taxonomists ought to take are analyses of any further 
information that they have available concerning the members 
of the genus (j.e@. holomorphological, chorological, 
paleontological and parasitological — Hennig 1966) and 


integration of this into an appreciation of evolutionary 
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aspects of the taxon under study. Unfortunately, the amount 
of the latter two types of information are severly limited 
for Dytiscus. 

This revision offers means of identification of adults, 
information about type specimens, and a synopsis of natural 
history and geographic distribution of species of Dytiscus. 
These data provide the basis for phylogenetic and 
zoogeographic analyses. Much information concerning other 
life stages has been gathered or is available elsewhere, 
but remains to be analyzed. Later integration of this 


information will test the relationships proposed here. 
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2. Materials and Methods 


2.1 Materials 

This revision is based on study of 13,300 adult 
specimens of Dytiscus, either borrowed or personally 
collected. The following alphabetically arranged acronyms 
represent collections from which specimens were borrowed. 
Names of respective curators are also presented. In this 
list, private collections have the person's name placed 
first, after the acronym. For institutional collections, the 
curator's name is placed last. My collection is included in 


the material denoted UASM. 


AMNH — American Museum of Natural History, Central Park W. 
abv79thaSt ., New York. "New ‘York ?0024+> L.H. Herman, Jr. 


ANIC — Australian National Insect Collection, C.S.1.R.0., 
Division of Entomology, P.O. Box 1700, Canberra City, 
A Cote 2oulswAustraliat wih, (Lawrence. 


ANSP — Academy of Natural Sciences, 19th and Parkway, 
Philadelphia, Pennsylvania 19103; S.S. Roback. 


ANSU — A.N. Nilsson, Department of Biology, Section of 
Ecological Zoology, University of Ume&, S-901 87 Umea, 
Sweden. 


BMNH — Department of Entomology, British Museum (Natural 
History), Cromwell Road, London, England SW7 SBD; M.E. 
Bacchus and P.M. Hammond. 
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BYUC — Department of Zoology and Entomology, Brigham Young 
University, Provo, Utah 84601; S.L. Wood. 


CARR — Mr. and Mrs. J.L. Carr, #24 Dalrymple Green NW, 
Calgary, Alberta T3A 1Y2. 


CASC — Department of Entomology, California Academy of 
Sciences, Golden Gate Park, San Francisco, California 
94118; D.H. Kavanaugh. 


CISC — Division of Entomology and Parasitology, Agricultural 
Experiment Station, College of Agricultural Sciences, 
Univeristy of California-Berkeley, Berkeley, California 
94720: J.A. Chemsak. 


CNIC — Coleoptera Section, BiosysStematics Research 
Institute, Agriculture Canada, Ottawa, Ontario K1A 0C6; 
A. Smetana. 


CUCC — Department of Entomology and Economic Zoology, 
Clemson University, Clemson, South Carolina 29631; S.B. 
Hays. 


CUIC — Comstock Hall, Department of Entomology, Ithaca, New 
York 14853; L.L. Pechuman. 


DEFW — Department of Entomology, Fisheries and Wildlife, 
University of Minnesota, St. Paul, Minnesota 55101; P.J. 
Clausen. 


EMUS — Entomological Museum, Department of Biology, Utah 
State University, Logan, Utah 84322; W.J. Hanson. 


ENMV — Entomologie, Naturhistorisches Museum, Burgring 7, A 
— 1014 Vienna, Austria; F. Janczyk. 


FMNH — Division of Insects, Field Museum of Natural History, 
Roosevelt Road at Lakeshore Drive, Chicago, Illinois 
60605peE + HenSmeithe 


FNYC — Department of Zoology, Indiana University, 
Bloomington, Indiana 47401; F.N. Young. 
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GWSC — G. Swenson, Department of Biology, Ithaca College, 
Ithaca, New York 14850. 


GWVA — G. Wewalka, Kandlgasse 19-21, 1070 Vienna, Austria. 


GWWC — G.W. Wolfe, Department of Entomology and Economic 
Zoology, Rutgers University, New Brunswick, New Jersey 
08903. 


HBLC — H.B. Leech, 1435 Howell Mountain Road North, Angwin, 
California 94508. 


HNHM — Hungarian Natural History Museum, Baross utca 13, H — 
1088 Budapest, Hungary; Z. Kaszab. 


ICCM — Section of Insects and Spiders, Carnegie Museum of 
Natural History, 4400 Forbes Avenue, Pittsburgh, 
Pennsylvania 15213; G.E. Wallace. 


INHS — Natural Resources Building, Illinois Natural History 
Survey, Unbanay I lbhindtsné618019tWo0.eBragham: 


LACM — Department of Entomology, Los Angeles County Museum 
of Natural History, 900 Exposition Boulevard, Los 
Angeles, California 90007; C.L. Hogue. 


MCZC — Department of Entomology, Museum of Comparative 
Zoology, Harvard University, Cambridge, Massachusetts 
O2i3s8e6MeyThayere 


MNHN — Entomologie, Muséum Nationale d'Histoire Naturelle, 
45 bis, Rue de Buffon, Paris (Ve), France; H. Perrin and 
J.J. Menier. 


MSUC — Department of Entomology, Michigan State University, 
East Lansing, Michigan 48824; R. Fisher. 


MUIC — Department of Biology, Memorial University, Saint 
John's, Newfoundland AiB 3X9; D.J. Larson. 
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NDSU — Department of Entomology, North Dakota State 
University, Fargo, North Dakota 58102; E.U. Balsbaugh, 
Ea 


NMSU — Department of Biology, New Mexico State University, 
Las Cruces, New Mexico 88001; J.R. Zimmerman. 


ODUC — Department of Biological Sciences, Old Dominion 
University, Norfolk, Virginia 23508: J.F. Matta. 


OSUC — Department of Entomology and Zoology, Collection of 
Spiders and Insects, Ohio State University, Columbus, 
Ohve 432 10s CoA. Triplehorn. 


OSUO — Department of Entomology, Oregon State University, 
Corvallis; Oregons9/33t: Jv Lattin: 


PMNH — Peabody Museum of Natural History, Yale University, 
New Haven, Connecticut 06520; C.L. Remington. 


RHTC — R.H. Turnbow, Jr., Department of Entomology, 
University of Georgia, Athens, Georgia 30602. 


ROMC — Department of Entomology and Invertebrate Zoology, 
Royal Ontario Museum, 100 Queen's Park, Toronto, Ontario 
M5S 2C6; G.B. Wiggins. 


SCSU — Department of Biological Sciences, St. Cloud State 
University, St. Cloud, Minnesota 56301; R.D. Gundersen. 


SDMC — Entomology Department, San Diego Natural History 
Museum, P.O. Box 1390, San Diego, California 92112; K. 
Faulkner. 


SDSU — Entomology-Zoology Department, College of Agriculture 
and Biological Sciences, South Dakota State University, 
Brookings, South Dakota 57006; B. McDaniel. 


SMNS — Entomologie, Staatliches Museum fur Naturkunde 
Stuttgart, 7140 Ludwigsburg, Arsenalplatz 3, West 
Germany; K.W. Harde. 
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SPMC — Saskatchewan Museum of Natural History, Wascana Park, 
Regina, Saskatchewan S4P 3V7; R.R. Hooper. 


TAMU — Department of Entomology, College of Agriculture, 
Texas A & M University, College Station, Texas 77843; 
H.R. Burke and S.J. Merritt. 


UAIC — Department of Entomology, University of Arizona, 
Tucson, Arizona 85721; F.G. Werner. 


UANH — Department of Zoology-Entomology, Auburn University, 
Auburn, Alabama 36830; G.W. Folkerts. 


UASM — Department of Entomology, University of Alberta, 
Edmonton, Alberta T6G 2E3; G.E. Ball. 


UBCZ — Spencer Entomological Museum, Department of Zoology, 
University of British Columbia, 2075 Westbrook Place, 
Vancouver, British Columbia V6T 1W5; G.G.E. Scudder. 


UCEC — University of Colorado Museum, Department of 
Entomology, University of Colorado, Boulder, Colorado 
80309+ U.N. Lanham. 


UCIC — Department of Biology, University of Calgary, 
Calgary, Alberta T2N 1N4; G. Pritchard. 


UCRC — UCR Entomological Collection, Department of 
Entomology, University of California-Riverside, 
River stdegeGal?riorniacd2502;S5S.icsilFnommer. 


UCSE — Biological Sciences Group, Museum of Natural History, 
University of Connecticut, Storrs, Connecticut 06268; 
P.W. Severance and C.S. Henry. 


UGIC — Department of Environmental Biology, University of 
Guelph, Guelph, Ontario NiG 2Wi; D.H. Pengelly. 


UMBS — University of Michigan Biological Station, Pellston, 
Michigan 49769; E.M. Barrows. 
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UMHF — Division of Entomology, Zoology Museum, University of 
Helsinki, N. Jarnvagsgatan 13, SF-00100 Helsinki 10, 
Finland; H. Silfverberg and A. Jansson. 


UMMZ — Division of Insects, Museum of Zoology, University of 
Michigan, Ann Arbor, Michigan 48104; R.D. Alexander. 


UMRM — Entomology Research Museum, 1-87 Agriculture 
Building, University of Missouri, Columbia, Missouri 
65201; W.R. Enns. 


USNM — Department of Entomology, National Museum of Natural 
History, Smithsonian Institution, Washington, D.C. 
Z20560>, Pid. Spangler’. 


UVCC — Marsh Life Science Building, Department of Zoology, 
University of Vermont, Burlington, Vermont 05401; R.T. 
Bell. 


UWEM — Department of Entomology, University of Wisconsin, 
Madison, Wisconsin 53706; W.E. Hilsenhoff. 


WLHC — W.E. Hilsenhoff, Department of Entomology, University 
of Wisconsin, Madison, Wisconsin 53706. 


WUBC — W.U. Brigham, Natural Resources Building, Illinois 
Natural History Survey, Urbana, Illinois 61801. 


ZMLS—Zoological Institute, University of Lund, S-223 62 
Lund, Sweden; P. Brinck and S. Arlebo. 


ZSBS — Entomologie, Zoologisches Sammlung des Bayerischen 
Staates, 8000 Munich 19, West Germany; G. Scherer. 
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2.2 Methods and Techniques 
2.2.1 Cleaning and dissection of specimens 

Many specimens of Dytiscus are greasy and dirty, and, 
as such, they are not useful for detailed examination of 
structural features. Specimens were cleaned by placing them 
in a beaker of warm water to which was added a small amount 
of ammonia-enriched detergent. The beaker was placed on a 
hot plate adjusted to low heat for about 12 hours. After 
removal, specimens were rinsed with clean water and 
appendages poSitioned to avoid possibility of breakage. 

Dissection of genitalia preceded the clean-water rinse. 
A number of techniques for extracting the sclerotized 
terminalia of adult Dytiscus were tried. The most effective 
method for male specimens is to grasp the relaxed beetle in 
one hand and to deflex the abdomen. An incision made between 
the third and fourth terga allows the base of the median 
lobe and parameres to be grasped with a pair of fine 
forceps. By pulling anteriorly and then upward and 
posteriorly, the median lobe and parameres of most specimens 
can be extracted without damage and the remainder of the 
aedoeagus left in place. Removal of the male genitalic 
capsule by grasping the apex of the median lobe, parameres 
or associated structures is to be avoided because of the 
probability of damage. The median lobe is best separated 
from the parameres by placing two pairs of forceps into 
the basal space provided by the curvature of the median 
lobe and then gently pulling the forceps in opposite 


directions. This technique pulls the base of the median lobe 
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away from the bases of the parameres and allows for clean 
preparation with a minimum of damage. 

Terminalia of adult female specimens were dissected in 
a different manner. MuSculature around an ovipositor was cut 
with a lancet inserted through the abdominal apex and then 
the capsule pulled out with forceps. Because stylomere I, 
at rest, is flexed anteriorly over the top of the remainder 
of the capsule there is little possibility of damage 
using this technique. Preliminary analysis of shape 
of the apex of stylomere I (@€.g. Pederzani 1971: 221) 
indicates that this feature may be taxonomically useful. 
However, the distinction among taxa is difficult to 
characterize and was not used in this study. 

Portions of both male and female genitalic capsules 
removed from specimens were glued to cards placed on the pin 
of the specimens from which they were removed. Teneral or 
unsclerotized genitalia were placed in small, 


glycerine-filled vials and mounted on the Specimen pin. 


2.2.2 Measurements 

Adult specimens of Dytiscus were measured for total 
length (TL) and greatest width (GW) of the body. A ratio of 
these values (TL/GW) gives an index of body shape. 
Measurements were taken by means of a moveable stage Vernier 
scale to which a specimen holder was attached. By lining up 
a set of cross-hairs in the microscope eyepiece with an end 


of the beetle and then turning the knob on the stage 
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micrometer until the other end of the specimen was lined up 
with the cross-hairs, the numerical value could be read from 
the scale on the stage micrometer. 

An investigation of the value of absolute size 
measurements of specimens of Dytiscus and its taxonomic 
value wasS initiated after noting discrepancies in overall 
Size of specimens. For instance, Larson (1975:397) commented 
on the smaller mean TL of adult specimens of D. harrisii 
from Alberta and the Northwest Territories compared to 
specimens from Ontario and Wisconsin. I found a similar but 
less striking difference: average TL for 10 specimens from 
Alaska, Alberta, Northwest and Yukon Territories was 
34.9 mm, compared to 36.8 mm for 10 Specimens from Ontario. 
Three adult male specimens of D. harrisii which I collected 
by bottle traps near Old Crow, Yukon Territory, however, had 
an average TL of 36.6 mm. In addition, a single male 
collected as a prepupa from Kneehills Creek near Acme, 
Alberta is 39 mm long. This suggests a sampling bias, 
although there was no significant difference, possibly due 
to the male-dominated samples (male specimens are commonly 
Slightly larger than females). 

Another taxon, D. dauricus, which is more common in 
Alberta, waS more intensively investigated for average 
Specimen size with respect to method of capture. The results 
are presented in Table 1. Similar trends were found in most 
species for which I have sufficient numbers of 


bottle-trapped specimens. 


eT 


eu Benti 2a cnr Renee 3 | 
mozt fee1 od bivos eyfav, Lea hromy 


erence?) “e 
esie etulogds 20 evle eae be Hobs ele 
simonoksd at1. Be eusei ta oO a eatahiatth 
ilavave mt a9ignsdstoeth gnizon | yds f 


—s 


barnemaon (Tet:259') nema eeoreieny : TOR 
\ laine. & te 2 ei SFR 1 fyie- to a? naa 
2+ Betequas goleie hbe saawtisson iano ' 
ud tslimie is Sage? fT rafioagiw” bre ‘oExe2h0) it 
tos? anemioege oO _ ar spevene: ssanese Os 
2a0 agtpodivieh agpad?y: Spe BEwAITS 
oivetsO mov? enemiogge of 08 am aise as 
hasvost ios J doidw at aet Wits. shane 
fad ,tevewo!l ysos Fane nowy ese ee a 
alam olonies cote 

SRA 1698h Aged altia r 3 wie 
| esid poiigieke s eoasggue mig 7 papi 
gut yidieeug (Same VaT HEB; hain 


yinemmos ss ensmi eagn rele) 


2 
> 


-~ 
¢ 
he 


5 


ni MOMMeD Ss TOM » fis ithe’. ina ce , 
tM 


DY 


epsisvs te? serepiseawnd how ratiege 
oteer a2 


ayn 


asiuees od? .sn2ger to Boritem/ oe 
szom ai cao? wus abn satlaa 
to eredinum sraboeet 


> F r 
F a 
oy a r a 


ine io 


1S 


Adults of larger species of dytiscids are very quick 
and agile swimmers. This was superbly demonstrated to me by 
a collecting experience in a southern Alabama swamp on a hot 
day in May, 1978. Specimens of either D. carolinus or 
Cybister sp. were frequently surfacing to renew their 
respiratory air bubble, their location marked by tips of 
elytra at the water surface. More than 20 attempts to 
collect these beetles, whose location could be pin-pointed, 
with a dip net failed to yield a single adult specimen. 
Similarly, at George Lake near Busby, Alberta, hours of dip 
net collecting can yield only a few specimens, whereas 
bottle traps have yielded in excess of 80 specimens 
(R.B. Aiken, pers. comm.). 

Adults of smaller species of dytiscids are more 
commonly and easily collected with a dip net. This same 
phenomenon could be true for specimens of a single species 
of Dytiscus — i.e. smaller specimens have a greater chance 
of being caught by dip netting. Differences in TL for adult 
Dytiscus noted above are probably correlated with the method 
of capture. 

Due to this sampling bias, I have excluded body 
measurements of population samples of species of Dytiscus 
from the descriptions of the species. I present only the 
extremes of measurements of TL, GW and TL/GW for each taxon, 
and only as an indication of size range (Table 2). These 


measurements are based on specimens examined. 
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2.2.3 Taxonomic Procedure 

There are logistic problems associated with a taxonomic 
revision of large specimens and part of the procedure used 
to overcome these are presented under the section on 
Materials. Travel to museums for the purpose of identifying 
and obtaining data from specimens differs from normal 
taxonomic procedure in entomology. Instead, I attempted 
to learn the characteristics and limits of species 
before leaving for museum travel. This was done by intensive 
study of representatives of each species and by reference to 
important faunistic treatments such as Larson (1975) for 
Nearctic species, and F. Balfour-Browne (1950), Zaitsev (1953) 
and Schaeflein (1971) for Palearctic taxa. In addition, 
other publications of smaller scope were used to allow 
interpolation of other taxa treated in these sources. 

Most specimens were examined, determined, and 
labelled, and label information recorded from them while 
within the museums visited. A problem with this approach is 
that assignment of specimens to a particular name is done 
comparatively quickly, with little opportunity for 
re-examination. Therefore, there is a pronounced possibility 
of misdetermination of specimens. In an endeavour to reduce 
such errors, problematic specimens were borrowed from 
museums and studied in a manner similar to that described by 


Erwin (1970:9-10) and Whitehead (1972:140-141). 
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2.2.4 Descriptive Format 

The treatment of each taxon begins with reference to 
the original description of each valid name or synonym of 
that taxon. This is followed by information about type 
locality and information about label data from, and 
repository of, type material, if known. Most species of 
Dytiscus have a long taxonomic history. Instead of citing 
all references, the above information is followed by 
reference to Zimmermann's (1920) thorough catalogue, which 
provides reference to most, if not all, pre-1920 workers of 
importance. Any citations of a name after 1920 follow the 
Zimmermann reference in chronological order, but citations 
of other catalogue or faunal lists are omitted. 

For the valid name of each taxon, I have provided an 
explanation of the meaning of the name. If further 
explanation is needed for the status or location of type 
Specimens, this follows the etymological section. A 
diagnostic combination provides a list of characteristics 
useful for identification of adult specimens. 

Descriptions of species are provided by reference to 
Table 3. A tabular method of description is of great value 
because of reduced length and increased ease of comparison. 
Construction of this table follows the general format 
presented by Erwin (1982) except that the characters are 
arranged in phylogenetic sequence — /.é. the first character 
State of each character discussed is plesiotypic while the 


second is apotypic. For explanation of the rationale of 
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character state assignment see Section 4.3.1. The 
description also contains reference to figures of structural 
features provided for each taxon. 

Treatment of variation in structural features is 
confined to taxonomically important characters, regional 
differences in number of females with grooved elytra, and 
geographically related trends of other features. In the 
section on natural history, I attempt to provide information 
about the habitat or habitats of occurrence and some life 
history features for adults of Dytiscus. These sections are 
generally more extensive for Nearctic species for which I 
have field and laboratory observations. For most Palearctic 
species, I present a summary of the information presented in 
selected references, or provide reference to more extensive 
works. 

Distribution is shown on maps (see Distribution Maps 
section below for explanation of procedures used to make up 
the maps) and this information is generalized into a 
description of the range. A section entitled chorological 
relationships provides information about geographic 
co-occurrence with other species of the genus. 

Many Palearctic species of Dytiscus have their closest 
relatives in the Palearctic region, while other species of 
either realm are members of a small clade restricted to that 
realm. The relative phylogenetic position of each taxon is 
presented in a discussion of phylogenetic relationships. A 


total of the number of specimens examined as well as the 
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number of each sex is the final entry of each species 


treatment. 


2.3 Illustrations 


2.3.1 Illustrations other than distributional maps 

Line drawings were made with the aid of a camera lucida 
mounted on a Leitz steroscopic microscope. Illustrations of 
median lobes of males of various taxa of Dytiscus were made 
by mounting these structures on stubs, onto which was placed 
two-sided tape, coating with gold and photographing with the 
a scanning electron microscope, Cambridge Stereoscan 5150. 
Subsequently median lobes were removed from the stubs and 
placed back on the genitalia card of the specimen from which 


they originated. 


2.3.2 Distribution maps 


2.3.2.1 Mapping of specimen localities 

Standard techniques were used for mapping specimen 
localities and consisted of finding a locality, usually in 
an atlas (but see below), and placing a symbol on the 
approximate locality on an outline map and within the region 
indicated (e.g. province, state, départemente, kraj, etc.). 
Within the Nearctic region, this process was straightforward 
and did not present many problems. All Nearctic locality 


records are based on specimens seen during this study or by 
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Larson (1975). All Nearctic locality records and all 
Palearctic records for which specimens were examined are 
indicated by filled symbols (é.g. e). 

Because of logistic problems explained elsewhere, I 
have accepted some literature records that I could not 
verify for some Palearctic species of Dytiscus. This was 
done because it was determined that the historical 
assignment of most Palearctic taxa was in agreement with, or 
could be assigned to, my concepts of these taxa. Also, 
examination of collections within selected European museums 
convinced me that the degree of accuracy of assignment of 
most Palearctic taxa was quite high. Principally because of 
consistency, literature records were accepted as useful and 
accurate additions to knowledge of distribution of these 
taxa. I believe that amount of error introduced is 
insignificant compared to amount of information that would 
be lost by exclusion of literature records. Literature 
records for localities are also indicated by filled symbols 
(e.g. @). 

For the most part, literature records for political 
areas in which a specific locality is not mentioned were 
ignored. An exception to this is locality information for 
the USSR from which I have seen very few specimens. In this 
jiictance, ‘literature records for political areas were 
accepted and are represented by unfilled boxes (Q)) which are 
placed over the former capital city of that political area. 


The majority of these records were obtained from Jakobson 
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(1905) and represent political divisions which no longer 


exist or are presently known by different names. 


2.3.2.2 Interpretation of presumptive locality names 

Within the Palearctic region, assignment of locality 
names to particular places is more difficult and complicated 
than in the Nearctic region. This is because of my lack of 
familiarity with Palearctic localities, lack of a country or 
regional name on many Palearctic specimens, differences in 
language and transliteration, as well as problems associated 
with interpretation of enigmatic or cryptic label data. 
Procedures used when confronted with these problems include: 
1) Inference based on the collector (I have assumed that 
most collectors have collected within the vicinity of their 
geographic home or homeland). 2) Commonly used historical 
interpretations of locality names were generally accepted 
(e.g. "Konigsberg" appeared commonly on locality labels. 
This was uniformly interpreted as "Kaliningrad, Russian 
S.F.S.R." 3) When a name refers to both a region and a 
populated place (@.g. Astrachan is both the name of a city 
maomanloblast ein, RUSSianes sh. SeR., U1o oak.) ele nave 
consistently used the place name for purposes of mapping. 
4) Transliteration is a particular problem with certain 
Hocality names (6é.g., the Siberian city, Cita, is rendered 
UTschita’ in German, ’Chita’ in English, efc:). 
In this revision, I have followed the practice of recent 


international atlases, and used the official 
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transliteration schemes adopted by the country in 

which localities are presently located (thus 'Cita', rather 
than) *Chita's*'Astrachan'»instead of. ‘Astrakhan'). 

5) Maximum concordance among all label data is important. 
For example, a label in Cyrillic script was transliterated 
as "Jakovskoje, Spas. u., Ussuri kr." and this was 
interpreted as "Jakovskoje, near Spassk Dal'niy in the 
former Ussuri Kraj of Russian S.F.S.R., U.S.S.R" even though 
modern atlases list many places with the name Jakovskoje, 
but none in the Ussuri region. Similarly, date of collection 
of specimens was used as an aid in choice of locality names. 
The presumptive locality must have been known by that name 
during a time span that includes the date of collection. For 
instance, the specimen referred to above was collected in 
1926 and the Ussuri Kraj existed as an official entity only 
from 1926 until 1938 (Seltzer 1962). 6) Concordance of 
presumptive locality with known range of a species was used 
in examples where a choice between probable localities was 
necessary. If presented with a choice of presumptive 
localities, some of which were outside, and only one of 
which was inside the "known" range of a species, then the 
latter was accepted as "correct". The "known" range was 
decided on the basis of other, unambiguous locality 
information. 7) When the above methods failed, an appeal was 
made to colleagues or other workers who have specialized 
knowledge of various geographic areas. Finally, if all or 


some of these procedures were insufficient to determine 
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where a presumptive locality might be, then the locality 
name is listed under the heading "Locality not determined". 
In the list of specimens examined (available separately from 
me), my interpretation of problematic localities is given, 
for any locality "A", as "A [=A']" for locality 
interpretations which I think are probably correct, and as 


"A [?=A']" for less certain interpretations. 


2.3.2.3 Sources of information about geographical localities 
Many sources were used for tracing locality names. Most 
extensively used sources for place names were Bartholomew 
(1955, 1956, 1957, 1958, and 1959) and Seltzer (1962). The 
latter was particularly useful because of the historical 
treatment given various place or regional names. Most 
Nearctic localities were found by means of state and 
provincial maps. Many Canadian localities were found in the 
recent Energy, Mines and Resources, Canada (1980) atlas. 
Modern German and French language world atlases were 
essential. Other sources, used mainly for older names in the 
Palearctic region were Chisholm (1899) and Blackie (1887) 
which were especially useful for many 19th Century place 
names. Room (1979) was an invaluable source for following 
the changes of many place names from 1900 to 1978. Many 
European cities have been known by Latin names, and for 
interpetation of these, the works of Deschamps have served 


admirably. 
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2.3.2.4 An appeal for more complete labelling of specimens 

Many specimens from European as well as North American 
collections do not include country names on the labels. This 
is most unfortunate because of time and effort required to 
obtain locality information. Two examples should suffice to 
demonstrate amount of time and effort wasted by taxonomists 
because of this oversight of collectors (previously 
including me). In the course of this study, a specimen 
received was labelled "S. Georgia" with no further 
information supplied (j.e. collector, date, or country). 
This locality information could be variously interpreted as: 
1) southern Georgia, U.S.S.R., 2) southern Georgia, U.S.A., 
3) south of Georgia, Vermont, U.S.A., 4) Strait of Georgia, 
British Columbia, Canada, or 5) South Georgia, an island in 
the South Atlantic Ocean. Application of procedure 6 noted 
above meant that the U.S.S.R. locality was most likely the 
eorrect one. 

The second example concerns various abbreviations used 
for States or Provinces. For instance, the current 
abbreviation used by the U.S. Post Office for the Province 
of Alberta is "AB" while the abbreviation most commonly used 
by Canadians is "Alta". Unfortunately these abbreviations 
have been and are being used by collectors. 

A colleague tells an informative anecdote concerning a 
recent trip to Europe during which he talked to a European 
lepidopterist who had traded specimens with workers in 


Alberta. This colleague was asked about the incredible 
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diversity of butterflies occurring at "Alta, Colorado". 
Apparently the collector had made a choice between the four 
"Alta" localities which he could find in North America: 
Alta, Colorado; Alta, California; Alta, Iowa; and Alta, 
Utah, all of which are of course in the wrong country. 
Problems associated with interpretation of label data 
and locality information probably account for a good deal of 
reluctance of some entomologists to study the fauna of other 
regions. This situation runs counter to the developing trend 
in insect systematics to consider the total fauna of groups 
so that more information is available for phylogenetic and 
zoogeographic analysis. It seems to me that much is lost and 
confusion and conflicts occur when a situation develops 
whereby there is a common fauna (in this example, Holarctic) 
but a vicariance of systematic workers. Part of the problem 


can be so easily solved by proper labelling of specimens. 


2.4 Criteria for ranking taxa 


2.4.1 Criteria for subgeneric rank 

Subgenera are taxonomically useful and provide 
increased information within large, divergent genera or 
within smaller genera which encompass a subjectively large 
amount of divergence (see Ball and Roughley 1982). The 
latter is particularly true if the subgenera occupy 


different adaptive zones. Each subgenus must, however, 
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represent a natural evolutionary unit, j.e@. it must be 
monophyletic. 

Taking these guidelines into consideration, I have 
recognized no subgenera within Dytiscus. Existing subgenera 
are nomenclaturally invalid and/or do not represent 
phylogenetically distinct clades. As well, I can discern no 
new adaptive zones of member taxa, nor does any group of 
species diverge sufficiently from the basic structural 


pattern enough to warrant subgeneric assignment. 


2.4.2 Criteria for species-group taxa 

Use of species-groups provides increased information 
and convienience without the demands and increased 
complexity of formal nomenclature. They represent an 
abbreviated notation for a group of species which are 
defined in a more complex manner. For instance, the group of 
species of Dytiscus which possess acuminate metacoxal 
processes are referred to herein as the D. dauricus-group. 
Seenbindroth (1969%xxiii-xxiv) for further discussion of use 
of species-groups. 

I have used species-groups for small monophyletic 
clades because of communicative value and ease with which 
these smaller groups are discussed in treatments of 
taxonomy, phylogeny, and zoogeography. I have not used any 
uniform manner in selecting the nominate taxon of 
Species-groups. Instead, I have used the name of that taxon 
which represents a mental image of the species-group to me. 


The species-groups which I recognize are based on my 
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30). These are: 
verticalis Say 

harrisii Kirby 
hybridus Aubé 
marginicollis LeConte 
habilis Say 
semisulcatus Muller 
sharpi Wehncke 

carol inus Aube 
fasciventris Say 

hatchi Wallis 

cordieri Aubé 
dimidiatus Bergstrasser 
mutinensis Pederzani 
pisanus C. de Castelnau 
marginalis Linnaeus 
persicus Wehncke 
delictus) (Zaitsev) 
Jatissimus Linnaeus 
circumcinctus Ahrens 
alaskanus J. Balfour-Browne 
dauricus Gebler 
Japponicus Gyllenhal 
Ccircumf lexus Fabricius 
thianshanicus Gschwendtner 
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2.4.3 Criteria for species level rank 

Most animal taxonomists subscribe, at least nominally, 
to some form of Mayr's (1942) "biological" species 
definition. This, however, represents a theoretical ideal of 
how animals should behave, and is most difficult to test or 
even infer consistently or uniformly from the patchy samples 
characteristic of most analyses of taxa. After comparing and 
contrasting various species concepts used by botanists and 
zoologists and their uses and values in practice, Cronquist 
(1978:3) suggested that: "Species are the smallest groups 
that are consistently and persistently distinct, and 
distinguishable by ordinary means." Cronquist further 
details problems with strict use of a narrow or even a 
Single species definition. Similarly, Hammond (1981a and b) 
has suggested that concepts of species and speciation built 
from experience with large, mobile vertebrates with low 
reproductive rates do not apply well to many insect groups. 

The more important goals of the brief discussion above 
are to point out the need for a re-evaluation of species 
concepts by practicing animal taxonomists. Of paramount 
importance is the need for every taxonomist to state clearly 
the criteria for species recognition which they have used. 

My study of taxonomic status of population samples of 
species of Dytiscus was hampered by low numbers of most 
Samples, and samples from widely separated areas. Such 
disparate samples probably come about because of lack of 


collecting attempts in certain areas, difficulty of 
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collecting large fast-swimming beetles, seasonal occurrence 
of adults, relatively low levels of abundance, and mensural 
bias of certain collecting techniques (see Measurements). 
While it is true that most species of Dytiscus so far 
encountered in the field are common to very abundant in the 
correct habitat at the correct time of year, it is also true 
that they are always at a relatively low density (e.g. see 
James (1970) for D. fasciventris and discussion of natural 
history in my treatment of D. cordieri). Low density is 
almost certainly a result of their status as major predators 
within most pond ecosystems. 

I required a practical and useful means of delimiting 
species which could circumvent such problems. The most 
useful criteria I have found for delimitation of species of 
Dytiscus is form of apex of median lobe and sympatry. 
Characteristics of the median lobe are distinctive, so that 
even closely related species are consisently differentiated, 
and median lobes of male specimens of the same species from 
widely separated parts of the species range are similar. For 
instance, the median lobes illustrated in Figs. 18d and 19a 
are close to the extremes of variation found within a single 
putative species (in this example D. circumcinctus), yet the 
respective specimens are from Edmonton, Alberta, Canada and 
Berlin, Germany. Females were associated on the basis of 
co-occurrence with males and by general similarity in body 
shape and colour pattern. Sympatry of divergent forms was 


used as a corroborative test of species status. However, in 
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examples for which no sympatry is known (e.g. D. habilis- 
D. marginicollis, D. semisulcatus-D. sharpi) difference in 
form of median lobe is considered sufficient for assignment 


to species status. 


2.4.4 Criteria for recognition of subspecies 

Mayr (1963, 1969) and Simpson (1961) provide thorough 
analyses of theoretical and genetic aspects of subspecies 
and subspeciation. Kavanaugh (1979:92-94) and Lafontaine 
(1982:9-10) presented balanced and valuable discussions of 
use of subspecific rank, and more importantly have expressed 
their practical criteria for recognition of subspecific 
Status. I have accepted, amalgamated, and used the criteria 
of the latter two authors. Subspecific names are used for 
sets of population samples which are: 1) independent or 
isolated evolutionary units; 2) presently differentiated 
from other conspecific units but excluding differences 
thought to be ecophenotypic; 3) sufficiently phenotypically 
distinct that, except for similarity of aedoeagus of male 
Specimens, they approach the amount of phenotypic divergence 
found among any two closely related species; and 4) of 
Significance in analysis of historical zoogeography. Such 
populations are inferred to be isolated at present only by 
geographical gaps in ranges/If this barrier to gene flow is 
maintained for a sufficient period of time, then it is 
predicted that these populations will diverge sufficiently 


to preclude future mixing of genetic informat Ponswineshort} 
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subspecies status is used for inferred incipient species 
status: 

The amount of meristic variation observed in most 
Species of Dytiscus is quite low. I believe this is due in 
large part to various aspects of life history of these 
species, such as dispersal, which lead to a relatively large 
amount of panmixis. This explanation is further developed in 
the analysis of ecological relationships presented 
elsewhere. It is because of the normally uniform nature of 
most species that phenotypically distinct populations are 
quite apparent, /j.e. they stand out. Therefore, my procedure 
for assignment of subspecific rank is recognition of 
allopatric populations of consistently distinct phenotype, 
but of which male specimens have sufficiently similar forms 
of the apex of the median lobe of the aedoeagus to be 


included in the same species. 


2.4.5 Infraspecific categories other than subspecies 
Literature concerned with taxonomy of European species 

of Dytiscus is replete with names for such infraspecific 

categories as variety, form and aberration. As such, and 

provided that they are truly intended as something other 

than subspecific levels, they are outside the jurisdiction 

of the International Code of Zoological Nomenclature and 

presumably each taxonomist is free to deal with them as seems 

appropriate. Within species of Dytiscus these names are 


predominantly used to express differences in sulcation of the 
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elytra of female specimens. For instance, female specimens 
of D. marginalis marginalis vary in degree of elytral 
Sulcation, from those with distinct elytral sulci to those 
with no trace of sulci, with every conceivable intermediate. 
However, the latter category is decidedly less numerically 
common in collections. These respective forms are generally 
named forma typica, # var. conformis Kunze (even though 
Kunze described conformis as a distinct species), and # var. 
semicostatus Reineck. 

I believe that use of such names, some of which have no 
obvious descriptive value, to be retrogressive and needless. 
If Nearctic and other Palearctic species were all treated in 
a Similar manner, then proliferation of names would be 
tremendous, but our understanding of this intriguing 
phenomenon would, I think, be diminished and obscured. In an 
attempt to increase the descriptive and therefore 
communicative value of variation in degree of elytral 
Sulcation I have not recognized any names below the rank of 
Subspecies and instead I have discussed it as occurring in 
two states: sulcate and non-sulcate. The former state 
includes all specimens with any trace of sulcation visible 
on the elytron. Use of these two states allows clear and 
unambiguous expression of any geographical pattern in 
elytral sulcation without detailed knowledge of the 


taxonomic history of a species. 
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3. Taxonomy 


3.1 Discussion of taxonomically important characters 


3.1.1 Sexual dimorphism 

Adults of Dytiscus exhibit a number of characters which 
are sexually dimorphic. Excluding male and female genitalia, 
the most obvious of these are the following: 1) male 
specimens are broader and longer on average. 2) pronota of 
male specimens are wider at the base and less narrowed 
anteriorly; 3) profemora of males are bowed along their 
length and are more robust and more deeply emarginate 
ventrally; 4) male specimens have two tufts of long setae at 
the base of each profemur compared to one tuft of female 
Specimens; 5) male protibiae are more robust and widened 
basally; 6) three basal protarsomeres of male specimens are 
laterally expanded and form a large subcircular acetabulum, 
with tarsomere I bearing two very large and numerous small 
suckers and tarsomeres II and III each with only numerous 
Smaller suckers; 7) male mesotibiae are Slightly longer and 
very slightly more robust; 8) male specimens with three basal 
mesotarsomeres elongated and widened to form an acetabulum, 
these tarsomeres bearing numerous small suckers; 9) some 
adult females of some species have 10 longitudinal narrow 
grooves or sulci on each elytron; 10) male specimens possess 


Natatory setae on both the anterior and posterior faces of 
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both the metatibiae and basal metatarsomeres, while female 
specimens bear natatory setae on the anterior faces of the 
metatibiae and on the posterior faces of basal 


metatarsomeres only. 


3.1.2 Body size and shape 

Despite the limitations of measurements of body length 
(see Measurements), I have made limited use of total length 
(TL) in distinguishing between members of certain pairs of 
species. Usually this is done where there is no overlap 
between the adults in size. However, TL is used also in 
examples where the majority of specimens of a species tend 
to be larger or smaller than the majority of specimens of 
another species treated in the other rubric of a couplet in 
the key. Ranges of lengths of specimens examined are shown 
in Table 2 for each species of Dytiscus. In general, the 
most common length of specimens is toward the upper end of 
the range, but there are a number of exceptions (e.g. 
compare information in Tables 1 and 2 for Nearctic specimens 
of D. dauricus). 

Body shape (TL/GW) is relatively uniform among species 
of Dytiscus (Table 2, except D. latissimus). Differences in 
body shape are used in certain species pairs where there is 


no overlap of range in this ratio. 
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3.1.3 Head 

Five taxonomic characters of the head are used. The 
anterior margin of the clypeus of specimens of most species 
is linearly transverse or slightly concave, whereas in 
specimens of D. harrisii and D. latissimus it is distinctly 
bisinuate. The posterior margin of the clypeus is normally 
on the same plane as the frons. In female specimens of 
D. dauricus, however, it is distinctly and abruptly raised 
above the level of the anterior margin of the frons, and is 
quite useful for diagnosing female specimens of this 
Species. 

All members of Dytiscus have a more or less distinct 
chevron-shaped pale mark on the frons between the eyes. 
Typically the lateral arms of the chevron are not expanded 
antero-laterally to reach the antennal bases, but in most 
Specimens of some species where this does occcur, this 
character state is taxonomically useful. In some specimens, 
yellow coloration associated with increased chevron size 
extends posteriorly from the antennal bases along the inner 
margins of the eyes and thus forms an inverted M-like mark 
on the frons. However, members of only one species, 

D. circumcinctus, were observed to have the entire eye 


ringed with yellow on the dorsal surface. 
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3.1.4 Pronotum 

Members of all species of Dytiscus have lateral yellow 
bands on the pronotum. Anterior and posterior bands are or 
are not present. Specimens of any given species vary in 
colour and, generally, lighter specimens of a taxon which 
would normally show no trace of, for instance, an anterior 
pronotal band, have a very narrow yellowish or reddish band. 
Characterization of relative width of anterior or posterior 
bands is quite important. For instance, in couplet 3 to 
Nearctic species, the alternatives are anterior band less 
than 0.4 versus more than 0.5 width of lateral band. I have 
not recorded a specimen of either category which is very 
close to these measurements. For instance, most specimens 
following the first alternative are in the range of 0.3 or 
less and those following the second alternative are in the 
range of 0.6 or more. Therefore, the values used in the key 
were chosen to allow for more variation than recorded and to 
avoid a strictly comparative character such as anterior 
pronotal band wider versus narrower. Even if exceptional 
specimens are encountered, subsequent comparison to the 
diagnostic combination of each species should allow 
discovery of misidentification. 

The pronotum of most specimens of Dytiscus has a 
longitudinal, shallow channel near the lateral margin. When 
this character state is present the pronotum is described as 
explanate. Reduction or lack of an explanate pronotum is 


characteristic of the members of the D. hybridus-group and 
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of male (but not female) specimens of D. cordieri. 


3.1.5 Legs 

Length of the apical pro- or mesotarsal segment is 
commonly used in the keys as an aid for determination, but 
in the form of a comparative rather than as an absolute 
numerical value. Pro- and/or mesotarsal claws are longer or 
shorter than pro- or mesotarsomere V, or the values are 
converted to a proportional value. Proportional length of 
protarsomere V to width of protibia, measured at the widest 
point, allows establishment of two species-specific 
categories for males of some species. Relative number of 
punctures on the anterior surface of protarsomere V is also 
used. 

Male specimens of D. hybridus and D. marginicollis are 
distinctive in that mesotarsomeres II and III lack suckers 
from a small longitudinal area. Male specimens of all other 
species of Dytiscus have suckers evenly distributed over 
mesotarsal acetabula. 

Coloration of metacoxal plates follows that of 
pterothoracic sterna discussed below. 

Form of the metacoxal process varies considerably among 
sets of species but relatively little within species and 
therefore is of great taxonomic value for establishing major 
sections in the key. The inner margin of a metacoxal process 
is *convex' (e.g. Fig. 21a),°or concave (e.g. Fig. 22k). 


Apically the metacoxal process is more or less rounded (e.g. 
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Fig. 21a), or the lateral margins form an acute angle (e.g. 
Fig. 22a), or the apex is drawn out into an elongate 
acuminate process of varied length (e.g. Fig. 22k). 

Shape of the apex of the metatrochanter varies 
extensively within some taxa, is sexually dimorphic in some, 
and is characteristic in still others. When used as a 
taxonomic character, it occurs in two states: apex broadly 
rounded, or drawn out into a fine point apically 


(acuminate). 


3.1.6 Elytra 

Colour of elytra of most specimens is piceous to black 
with lateral yellow stripes. Many specimens have the lateral 
stripe abruptly curved inward pre-apically to form a more or 
less obscure subapical fascia, but in specimens of 
D. verticalis this fascia is quite distinctive because it is 
uninterrupted, broad, and highly contrasted with elytral 
ground colour. Elytra of specimens of D. lJapponicus have a 
yellow ground colour with infuscation reduced to linear rows 
of small dots. 

The elytral epipleuron is exceptionally expanded 
laterally in specimens of D. Jatissimus and accounts for 
much of the unique width and body shape characteristic of 
Phas Species (Table 2). Specimens of 2. harrisi/ have the 
epipleuron slightly widened but not nearly as greatly as in 
the former species. No other species shows expansion of the 


elytral epipleuron. 
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Elytra of some female specimens are sulcate. Sulci are 
narrow longitudinal depressions of the surface cuticle and 
each sulcus is separated from its neighbour by an 
inter-Sulcal ridge. No female specimens of the Nearctic 
D. verticalis- or D. hybridus-groups that I have seen were 
Sulcate. Among other species groups the proportion of 
Sulcate and non-sulcate females veries greatly. Only in 
D. carolinus and D. latissimus were all female specimens 
observed sulcate. No sulcate females were seen of some 
Palearctic species (@€.g. D. delictus ), but this is probably 
due to the low numbers of specimens available for study. 
Relative length of eytral sulci is not used as a taxonomic 
character, but there is a phylogenetic trend toward 
increasing sulcal length. Members of certain taxa with very 
long sulci do have distinctive patterns. For instance, 
Sulcate female specimens of D. dauricus have inter-sulcal 
ridges VII and IX (numbered from suture) curved toward each 
other and in contact, thus V-shaped, apically. The shorter 
intermediate ridges VIII and IX do not meet apically. 
Sulcate females of D. alaskanus have the respective members 
of each pair of ridges curving toward and apically in 
contact such that each pair forms its own exaggerated 


V-shape. 
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3.1.7 Pterothoracic and abdominal sterna 

Colour pattern of abdominal and pterothoracic sterna is 
diagnostic given an understanding of infraspecific variation, 
which is relatively low among species of Dytiscus. Extremes 
in pattern are shown in Figs. 7 to 13. The median lobe of 
male specimens at the end points of colour variation were 
carefully examined to determine that they did indeed belong 
to a given taxon. In these figures, infuscation is shown as 
black, yellow as white, and red as various densities of 
Sstippling. The darker the red coloration, the more dense the 
stippling. These figures are mostly composite, j.e. they 
represent the lightest or darkest sterna respectively of 
series of species studied intensively. As such they should 
represent close to the extremes of specimens which will be 
encountered. This is somewhat dependent on the total number 
of specimens that I have examined. For instance, I have 
greater confidence that the limits of variation are 
approached in the representation of D. marginicollis (972 
specimens examined), than in that of D. persicus (16 
Specimens examined). Important character states are presence 
or absence of red coloration, whether or not the abdominal 
and pterothoracic sterna are unicolorous piceous or black or 
yellow versus yellow with infuscated areas and if the latter 


than the relative amounts and positions of the infuscations. 
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3.1.8 Median lobe of aedoeagus 

Exceptionally diagnostic and uniform characteristics 
are found in the shape of the apex of the male median lobe 
(Figs. 14-20). Of specimens examined, there is insignificant 
variation within species. I have not used length of the 
median lobe as a taxonomic character because this is 
probably correlated with variation in the total body length 
of specimens (see MeaSurements). Important character states 
of median lobe shape are: 1) comparative deflection of apex 
from line formed by basal portion of median lobe; 2) rounded 
versus irregular apex; 3) presence or absence of apical 
knob; 4) presence or absence of subapical, lateral notches; 
5)width of apical knob relative to preapical width of shaft; 
and 6) overall similarity to that shown in the scanning 


electron micrographs. 


Seb. 9 eDistribution 

Perhaps the most desirable and easiest couplets to use 
are those which separate eastern and western species (e.g. 
D. sharpi and D. semisulcatus). The degree of confidence in 
the use of such couplets is related to amount of gap between 
ranges and degree to which the range of a species is known 
Gevat) least the degree to which it can be predicted. When 
eis confidence 1s fairly high, 1 have notiihesitated ito use 
range aS a character of equal value to structural features. 
In the keys the geographic range of a species or subspecies 


is not used as the only character state because of numerous 
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specimens with no or only cryptic label information. 


3.2 Genus Dytiscus Linnaeus 

Dytiscus Linnaeus 1758:411. Generitype — Dytiscus 
marginalis Linnaeus 1758:411, designated by Latreille 
1810:426, attributing the species to Fabricius 1775:230. 
Curtis (1826:99), Westwood (1838:9), Crotch (1873:406), 
Guignot (1946:118), Leech (1948:413), Balfour-Browne 
(1960:252), and Guignot (1961:856) cite D. marginalis as 
generitype. 

Hope (1839:131, 137), Duponchel (1845:154), Jacquelin 
du Val and Migneaux (1857:77), and Thomson (1859:12) 
designate Dytiscus /atissimus Linnaeus 1758:411 as 
generitype. 

DyticuS Muller 1776:69. Incorrect emendation. 

Macrodytes Thomson 1859:12, 1860:41. Type species — 
Dytiscus marginalis Linnaeus 1758:411, by original 
designation. Subsequently designated as type species of 
subgenus Macrodytes by Guignot (1961:857, "...designeé 
ici."). Generitype — Dytiscus conformis Kunze 1811:58 (a 
junior synonym of D. marginalis Linnaeus), designated by 
Hope (1839:131), attributing the species to Stephens 1828:87. 

Subgenus Leionotus Kirby 1837:76. Generitype — Dytiscus 
franklinii Kirby 1837:77 (junior synonynm of Dytiscus 
dauricus Gebler), by original designation. 

Subgenus Dyticopsis Houlbert 1934:134. Generitype — 


Dytiscus lapponicus Gyllenhal 1808:468, here designated. 
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Description (Adults). — Size large, TL 22.0 to 44.0 mn, 
body form ovate (TL/GW 1.76 to 2.10 except D. Jatissimus 
1.55 to 1.62), outline continuous, widest just behind 
middle. Colour dark brown to piceous, often with greenish 
cast, with yellow or reddish markings. 

Surfaces shining, with Singular isodiametric sculpture, 
microlines very fine and difficult to see except at very 
high magnifications; surface of some specimens dulled by 
dense accumulation of coarse pores at apex and/or base of 
elytra, laterally on pronotum, or on sulci of sulcate 
females. 

Head. Large, prognathous, inserted firmly into thorax, 
without raised carinae. Labrum excised on anterior margin 
(except nearly truncate in D. Jatissimus), yellow to red, 
with brush of fine short hairs in emargination. 
Labro-clypeal suture distinct, evenly curved (bisinuate in 
D. harrisii). Clypeus distinct, yellow to red, 
clypeo-frontal suture present. Frons of most specimens dark 
brown to piceous or black, most specimens with yellow to red 
chevron and yellow to red markings over antennal bases and, 
on many specimens, on inner margins of eyes. Chevron of few 
specimens extending to antennal bases. Vertex short, dark 
brown to piceous or black. Occiput normally inserted into 
thorax. Eyes large, anterior margin not emarginate. Palpi 
and antennae yellowish to reddish-brown, articles of many 
specimens infuscated apically. Antennomeres elongated, 


glabrous, outherwise unmodified. Mandible with retinacular 
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and two terebral teeth, and with with row of stiff, short 
setae ventrally. Maxilla with palpomeres elongated, 
glabrous, otherwise unmodified. Lacinia with apex acute and 
abruptly bent, setose on inner margin only. Galea with apex 
bluntly pointed and abruptly bent. Labium with palpomeres 
elongated, glabrous, otherwise unmodified. Mentum distinct, 
deeply emarginate at middle, with two low lobes in 
emargination, without setae. Submentum slightly wider than 
mentum, without setae. Gula narrowest just posterior to 
contact with submentum, wider apically, at narrowest 0.25 to 
0.33 width of prementum, without setae. Further structural 
information about head in Sharp (1882:203-215), Buhlmann 

tH 92a Ss6)e-andeGuighot) (1938513-n9%- 

Thorax. Pronotum transverse, without carinae, with 
lateral margins acute but not margined, wider at base than 
at head, with lateral outline rounded, antero-lateral 
margins produced anteriorly as rounded lobes on either side 
of head. Dorsally glabrous, with base continuous with and 
overlapping bases of elytra, posterior margin more or less 
bisinuate on each side, majority of specimens explanate with 
linear depression laterally extended from anterior lobes to 
base, disc dark brown to black with lateral yellowish bands, 
some specimens with anterior and/or posterior yellowish to 
reddish bands. Ventrally with prosternum markedly compressed 
by enlarged procoxae, procoxae confluent-open-bridged (Bell 
1967, Evans 1977, Baehr 1979). Prosternal process with 


ventral surface convex basally to flat apically, apex 
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broadly rounded, marginal bead complete except apically. 
Further details of prothoracic structure in Sharp 
(1882:215-222), Evans (1977) and Baehr (1979). Mesosternum 
with mesocoxa of complex-type of Bell (1967), metepisternum 
contacting mesocoxal cavity (Dytisci complicati of Sharp 
1882:964), further details of structure of mesosternum in 
Sharp (1882;222-228) and Evans (1977). Metasternum with 
short broad notch for reception of prosternal process, 
metasternal wing with antero-lateral margin not straight, 
metasternum wide, most specimens with shortest distance from 
mesocoxa to metasternum greater than width of metacoxa 
measured along same line, not reaching epipleuron. Metacoxae 
of incomplete-type of Bell (1965), metacoxal plates 
transverse, length approximately 0.5 width. Metafurca 
(metendosternite) with space between anterior rami narrow 
and short, base wide and transverse, with arm at each end 
(Crowson 1938 and 1944, F. Balfour-Browne 1944, Riha 

$955 72912393)% 

Proventriculus. Bowl- or calyx-shaped, outer (main) 
lobes triangular, ciliate, and without teeth, inner 
(intermediate) lobes trianular (F. Balfour-Browne 1934, 
1944), 

Legs. Short, broad, sexually dimorphic in setation. 
Anterior and middle legs quite short, with strong sexual 
dimorphism of form, in repose retracted into 
prosternal-mesosternal cavity. Relative length (longest to 


shortest): femur, tarsi, tibia. Hind legs longer, without 
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sexual dimorphism of form, highly modified for aquatic life, 
relative length: tarsi, femur, tibia. Further details of 
Structure of legs in Sharp (1882:234-239, 246-257), Buhlmann 
(1923:48-64), Guignot (1933:34-44), and F. Balfour-Browne 
£950 22595263 he 

Elytra. Continuous with outer margin of pronotum at 
base, widest just behind middle, apices rounded. Dorsal 
surface shining or dulled by dense, coarse punctation 
basally, apically and/or laterally, long fine setae on 
postero-lateral margin. Dark brown to black, many specimens 
with greenish cast, with lateral yellow margins, some 
specimens with sublateral transverse fascia. Lower surface 
without sublateral carina and ligula; subapical 
binding-patch of modified setae present (Hammond 1979). 

Males with upper surface without sulci, female with or 
without sulci. Sulci sub-basal,in form of narrow shallow 
longitudinal trenches, ended from 0.5 to about 0.85 of 
elytral length. Further details of structure of elytron in 
Sharp (1882:241-243), Buhlman (1923:68-70), Guignot 
(1933:28-31) and Hammond (1979). 

Metathoracic wings. Well-developed, no specimens 
observed to be brachypterous. Wedge cell present and well 
developed. Oblongum cell in shape of parallelogram, with M, 
vein attached anterior to middle. Distinct area of modified 
dense setae along posterior margin of cubitus vein near wing 
margin. Further details of structure of flight wing in Sharp 


(1882:243-246), Forbes (1922, 1926), Buhlmann (1923:64-67), 
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Guignot (1933:32-33), Goodliffe (1939), F. Balfour-Browne 
(1944), Hammond (1979) and Ward (1979). 

Abdomen. Dorsally with basal pleuron transversely 
grooved. Apical two pleura with stigmata markedly enlarged 
and transversely elliptical, these pleura densely covered 
with long setae. Sterna glabrous except some specimens with 
long fine scattered setae on last visible sternum. Various 
in colour, unicolorous black or yellow or marked with black, 
yellow, or red. Proportional length of visible sterna 
(longer to shorter): last, second, third, fourth, fifth and 
first subequal at epipleuron. Further details of structure 
of abdomen in Sharp (1882:239-241), Buhlmann (1923:72-77) 
and Guignot (1933:44-49)., 

Aedoeagus. Similar to that of Hydaticus (Roughley and 
Pengelly 1982:256-257, 295, figs. 4 and 5), except as 
follows: 8th sternum with deep narrow emargination, 9th 
pleuron with small longtudinal sclerite present on membrane, 
median lobe without lateral flanges, paramere without flange 
and with setae on antero-dorsal margin, preputial covering 
not complete to apex, incised, and epipenite absent. Further 
details of structure of aedoeagus are in Demandt 
(1924;:209-275), Guignot (1933:49-58) and F. Balfour-Browne 
Mio 50s 255-256):, 

Ovipositor. Apical sternum with deep narrow 
emargination extended to base, central portions membranous. 
Paraproct triangular with posterior margin membranous 


centrally. Valvifer articulated with stylomere I apically, 
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of two lateral elongate struts joined by membrane. Vulval 
Sclerite lamellate, without setae, inserted into stylomere I 
ventrally. Stylomere I elongate, sclerotized, acute 
apically, without setae and cultriform in shape. Further 
details of structure of ovipositor in Demandt 


(1924:151-209), Guignot (1933:58-67) and Burmeister (1976). 
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3.3 Key to adults of Nearctic Species of Dytiscus Linnaeus 
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Metacoxal process with inner margin convex, apex 
rounded to obtusely angulate, but not acuminate 
WELL we PZ Aadh aH els bb lo exces vt ov rch ah oh'd en wr ok ies EPs SEO IS. RUZ 
Metacoxal process with inner margin concave, apex 
acutely angulate, more or less acuminate 


CHig’ 22F-H) eee So. CRASS: SNICSESO. OFERSE. co wscedet2 


Clypeus with anterior margin shallowly but 
distinctly bisinuate (Fig. 23A); pterothoracic 
sterna predominantly piceous to black, metacoxa and 
abdominal sternum I marked with yellow, sterna II 
to V or II to VI with reddish markings (Fig. 7B) 

NP AG. Seed os DOMME. BUACALS......3 D0. Narrisi il Kirby 
Clypeus with anterior margin straight or slightly 


concave (Fig. 23B); ventral markings various .....3 


Pronotum with anterior yellow band absent, or, if 
present, less than 0.4 width of lateral bands 

Bigs s i bart ini) 2G) southern, HALLant ic. Coashe. 6s 4 
Pronotum with anterior yellow band of most 
specimens more than 0.5 width of lateral bands 
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Pterothoracic and abdominal sterna piceous to 
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Pterothoracic and/or abdominal sterna with yellow 
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Pronotum with lateral margins not explanate; males 

with mesotarsomeres II and III with median glabrous 
area ventrally; females not sulcate. 

SaeRe tet i een et tea sls a nee ea ets s vis vo he Dev DMIOUS. Aube 
Pronotum with lateral margins explanate; males with 
mesotarsomeres II and III with uniform distribution 


of ventral suckers; females sulcate or not .......6 


Size Jarnger so trom 29.6 to. 36.0 mm: -elytronewith 
yellow subapical transverse fascia (Fig. 1A); 
females not sulcate .........+... D. verticalis Say 
Size smaller, TL from 22.0 to 26.1 mm; elytron 
without yellow subapical transverse fascia 

(Fig. 2C); females sulcate. 


ae oe «ae et NA acura . D. carolinus Aubé (in part) 


Metepisternum, metasternal wings and metacoxae 
predominantly piceous to black, abdominal sterna 
black with reddish to piceous markings (Fig. 8D); 
distribution more southern, Atlantic Coast 
(Connecticut, south to Georgia), Gulf Coast, and 
northward along Mississippi River valley (Fig. 25C). 


eoeeoeeoeneveeevseeeeeree eee ee © @ Ds carolinus Aube (in part) 


aalan oAdtee gon anipssir iavetel aate 


auowéelp xeibem eokw tit brs tt ‘eeremaxs 
,otsoiua #00 etme a 


diizzerb mation —aisig rit Bae Pt @o7 


Mo £3 


a he wee) #060 to stavige e6iamet Perewous asc fo: 
f 


igiw aozwsy is “am 0. 8E oF. oes mo>t. at epee 
toset ae sovaness Ceoiqade aaa 
Y5< a lSol a vow rh a > eer oe «eee ee Oe 9763L02 dente” cocaine a 
vis <nim) h. deg magpeae. sabe NR a 
sisesi sersvans 4 Lesiqadua yolion jum 


,91sbrda eahanbt~ 32s a. i 


t 


he 
Ho? et. aun \oOnes ig 1 ay tae ot ~ Jay ltl, 
od Se : | a 

> ater cin : 


ee 


Ssxocsi9m ‘bas .SpAry fensedestom. saverera eae bee 
shitei2 Isr: imobds abd cashier ecsnateatiaas | 

((08 24) apaksism ayossitd on ashes | risiw aaele. ae: 
faaod siangite igeige som Agee RE: << 

Gas ,7e609 ils “ipteabba [oy ‘ieee forearm i a 7 
(28& .prh) bine Fiiev ray a inssdeiain Baots. ews = | 


 Citag. nb) SEUA BUN TOsEo Mss Hewes way as eke sells 


5 


oye) 


ays) 


oy 


Metepisternum, and metacoxae predominantly 
testaceous, abdominal sterna testaceous with black 
markings (Fig. 9A, B); distribution more northern 


and western eidickeliis tate shea oak eK cRRe ees. RIO 2.6 8 


Males with protarsal claws of most specimens longer 
than protarsomere V (Fig. 23C); females with 
mesotarsal claws longer than mesotarsomere V 

(Fig. 23E); pronotum more broadly margined with 
yellow (Fig. 2E); distribution west of Rocky 
Mountains from central California to northern 
Broia Shi Columbiagat. ..n.aeeetios nade chatchiiewallis 
Males with protarsal claws of most specimens 
shorter than protarsomere V (Fig. 23D); females 
with mesotarsal claws shorter than mesotarsomere V 
(Fig. 23F); pronotum more narrowly margined with 
yellow (Fig. 2D); transcontinental in northern 


NorthwAmeracamete .with .esqtex. sobderiasciventris! Say 


Pronotum distinctly explanate; protarsal claws 
subequal to protarsomere V; abdominal sterna yellow 
with baso-lateral infuscations (Fig. "9A, Bi. .2% 2.28 
Pronotum not or indistinctly explanate; protarsal 
claws much shorter than protarsomere V; abdominal 
sterna predominantly yellow (Fig. 9C) or 
predominantly black with various coloured markings 
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Pterothoracic and abdominal sterna testaceous to 
pale rufous (Fig. 9C); frons of most specimens with 
chevron extended to antennal bases (Fig. 23B); 
females with pronotum shallowly explanate, some 
specimens with elytron sulcate.... D. cordieri Aubé 
Pterothoracic and abdominal sterna with extensive 
infuscation (Figs. 7D, 8A); frons with chevron not 
extended to antennal bases (€.g. Fig. 23A); females 


with pronotum not explanate, elytron not sulcate 
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Pronotum with discal infuscation narrower than 
lateral yellow band (Fig. 1C); male with 
mesotarsomeres II and III with uniform distribution 
of suckers ventrally; distribution as in Fig. 24D. 
EE Gch clin: sue taste el ene: ole. sisnsielaretice nia (Sats thie ese. Labi iS. Say 
Pronotum with discal infuscation wider than lateral 
yellow band; male with mesotarsomeres II and III 
with median glabrous area ventrally; distribution 
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Eye enclosed dorsally by narrow yellow band, or, 
some specimens with band narrowly broken near inner 
posterior margin of eye; pterothoracic and 
abdominal sterna tesStaceous to pale rufous, basal 
margins of sternum I very narrowly infuscate 

in some specimens (Fig. 11D). 

Reet one elena sheig sicieiele ste e we inicine s LUN LO LPCUMOINCTUS ANLeNS 
Eye not enclosed dorsally by narrow yellow band, 
some specimens with inner margin margined with 
yellow or red; pterothoracic sterna with at least 
metasternum medially infuscate (Fig. 12A, B), 


abdominal sterna various in colour pattern ......13 


Male with apical portion of median lobe sinuate 
laterally and apical knob distinct in dorsal view 
(Fig. 19C); females with postero-median margin of 
clypeus distinctly raised above level of frons 
along clypeal suture; sulcate females with ridges 
of sulci VII and X fused apically, and those of 
VIII and IX not fused apically; size larger, TL 
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Male with apical portion of median lobe evenly 
curved laterally and apical knob indistinct in 
dorsal view (Fig. 19B); females with postero-median 
margin of clypeus on same level as frons along 
clypeal suture; sulcate females with ridges of 
Sulci VII and X, and of VIII and IX fused apically 
forming a 'V-V' pattern (Fig. 5A); size smaller, TL 
EDOM 2236 (60. SUic. DIM. 
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3.4 Key to Adults of Palearctic Species of Dytiscus Linnaeus 
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Metacoxal process with inner margin convex, apex 
rounded to obtusely angulate, not acuminate (Figs. 
OVE PEG TL ANIL ARS. SHROVMANS, . 25. $9. 95. MMS. . se es 2 
Metacoxal process with inner margin concave, apex 
acutely angulate and more or less acuminate 


(Figs. 22E-N) Pd sett ci kh cae hehe. or toe ee Cote oe MALS. WEEN 


Pronotum with anterior and posterior yellow bands 
absent (igs. 21F,<G, EB-N); OR; less than’ 0.33 
WiGtMrOr Lateravahbandvy Aros. 2A, By “SB iC hs gcce cs te 3 
Pronotum with anterior and posterior yellow bands 
present and at least 0.50 width of lateral band 


MPL eeG3D). HFocens With. woes. rounded. JPias.. 24N... 2.6 


Pterothoracic sterna piceous to black 
(Figs. 8B, C); smaller specimens, 24 to 30 mm ....4 
Pterothoracic sterna predominantly yellow 


(Figs. 9D, 10A); larger specimens, 28 to 39 mm ...5 


Metatrochanter with apex rounded (Fig. 21F); body 
narrowly oval (TL/GW 1.97 to 2.01); distributed 
from Europe, east to Kazakh SSR, and New Zealand. 
Re: MMU Coins, lott tet a SENT SU CaLUS: Mul key 
Metatrochanter with apex acuminate (Fig. 21G); body 
broadly oval (TL/GW 1.84 to 1.94); distributed in 
Japan, Maritime USSR, northeastern China. 


... D. Sharpi Wehncke 
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Body oblong (TL/GW 1,98 to 2.00); male with 
protarsomere V about 1.3 length of longer claw 
(Fig. 23G), and about 30 punctures on anterior 
surface; smaller specimens, 28 to 35 mm; 
distributed in Italy, Corfu, Yugoslavia. 
Riotearnustele a¥ ey aPiineehetecale- wakes ereiche saul). MUG ens) SxPederzani 
Body more elongate (TL/GW 1.84 to 1.95); male with 
protarsomere V about 1.5 length of longer claw 
(Fig. 23H), and about 60 punctures on anterior 
surface; larger specimens, 32 to 39 mm; distributed 
from Europe to TranscaucaSia, ASia Minor and Syria 


Nasor laLernc. 2nfgecatéon.D? dimidiatus Bergstrasser 


Metacoxal process with apex rounded (Figs. 21N, 
22D) eeeeeeeeesere#§eeeeg#reekeee?eeee#eee#eee#e#eeeeee ¢ ee eae es ee | 


Metacoxal process with apex acute (Figs. 22A-C) ..8 


Metatrochanter with apex acuminate (Fig. 21N); male 
with protarsomere V about 1.3 times width of 
protibia; male with median lobe broadly rounded at 
apex (Figs.17B); female with mesotarsomere V about 
2,0 tames length /of IV (Fig. 231) smost stemeles 
with elytron sulcate; distribution 


circum-Mediterranean. 
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D. pisanus LaPorte de Castelnau 
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Metatrochanter obtusely rounded; or acute (males, 
Fig. 22D); male with protarsomere V about equal in 
length to width of protibia; male with median lobe 
notched laterally at apex (Figs. 18B); female with 
mesotarsomere V about 1.5 times length of IV 
(Fig.23J); no sulcate females known; distributed in 
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Venter with at least abdominal sterna II, III and 
VI with large, transverse, baso-lateral infuscation 
BE DAE TROD IIA LS 86s 5 a 0's oe hls Tae SEEN. GL araeus 
Venter with abdominal sterna II to V without 
baso-lateral infuscation, or, with only narrow 


baso-lateraraintuscacion. (E1G. LOC) icc) KO 


Head with chevron extended antero-laterally to 
yellow spot at antennal base; Maritime USSR and 
Japan .....D. marginalis czerskii Zaitsev (in part) 
Head with chevron not extended antero-laterally, 
not connected to yellow spot at antennal base; 
Caucasus Mountains, TranscaucaSia and Crimean USSR, 
northeastern Turkey and Iran. 


eeeoeeteeeseeeeeeeweeeeeeeeeeeeeeeee oe persicus Wehncke 


Head with chevron extended antero-laterally to 
yellow spot at antennal base; Maritime USSR and 


Japan .....D. marginalis czerskii Zaitsev (in part) 
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Head with chevron not extended antero-laterally, 
not connected to yellow spot at antennal base; 
distributed from Portugal and southern Spain north 
to Scotland and east to Siberia. 


ceccecceccscsccse D. marginalis marginalis Linnaeus 


Elytron with epipleuron greatly widened into a 
flange (Fig. 4B); clypeus of most specimens with 
anterior margin shallowly bisinuate; distributed 
from France through Ukrainian SSR to western 

S NDGUIGmien le ehemiis cus tice ses Oe Var SSimus: Linnaeus 
Elytron with epipleuron not widened into flange; 


clypeus with anterior margin evenly curved ......12 


Pronotum very broadly margined with yellow, 
anterior or posterior bands wider than or almost as 
wide as discal infuscation (Fig. 5C); elytral disc 
of most specimens with infuscation reduced to 
numerous lines of spots (Fig. 5C); metacoxal 
processes with apical spine very long 

CEA Csi. tT > ol) ai eee eRe eine vea ee EAD DOMICHS) 113 
Pronotum more narrowly margined with yellow, 
anterior and posterior bands much narrower than 
discal infuscation (Fig. 5D); elytral dise piceous 
to black (Fig. 5D); metacoxal processes of various 
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13 (12) Pronotum with quadrangular infuscation (Fig. 5C); 
head with chevron V-shaped; distributed in northern 
Europe and USSR (Fig. 28D). 
Melaiieets scislents sie OeeLapponicus \lapponicus (Gyl léenhal 
1 a Pronotum with infuscation greatly reduced, almost 
linear, in shape of printers bracket, opening 
posteriorly; distributed in Italian Alps (Fig. 28D). 
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14 (12') Metacoxal process with apical spine very long 
CRC HME? CN nen eat ole bn tc, ala Al ou pata tcs ee 16 
14' Metacoxal process with apical spine shorter 


GRug TI 22b eh) is. Sec... Great. STitsin,. saurhern...15 


15 (14') Eye enclosed dorsally by narrow yellow band, or, 
some specimens with band narrowly broken near inner 
posterior margin of eye; pterothoracic and 
abdominal sterna testaceous to pale rufous, basal 
margins of sterna I to III very narrowly infuscate 
in some specimens (Fig. 11D); male with apex of 
median lobe not sinuate in dorsal view (Fig. 18D). 
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Eye not enclosed dorsally by narrow yellow band, 
some specimens with inner margin margined with 
yellow or red; pterothoracic sterna with at least 
metasternum medially infuscate (Fig. 12B), 
abdominal sterna variable in colour pattern; male 
with apex of median lobe sinuate in dorsal view 


(Eig eG erat asic tis, lewewreieie (D eran ICusaGebler 


Abdominal sterna with broad fasciae (Fig. 13A 
left, D) eoeeevneeveeeeeeeeeee @ Pao Seek eh ae o BUe Me ee ea 1g 
Abdominal sterna without, or with very narrow 


fasciae.~thiquvlsAsright, BPric)e aia. Gacovenitons 


Distributed in Europe, Great Britain, southern 
Scandinavia and northern Africa (Fig. 29A); male 
with protarsal claw about 0.50 length of 
protarsomere V; male with knob of median lobe not 
Spatulate in lateral view (Fig. 20A). 
MeN oie ce tL AG POCUMT LEXUS Fabricius, (ane part) 
Distributed in Peoples Republic of China 

(Fig. 29D); male with protarsal claw about 0.67 
length of protarsomere V; male with knob of median 
lobe spatulate in lateral view (Fig. 20D). 
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Distibuted in Western Palearctic (Fig. 29A). 


..- D. circumflexus Fabricius (in part) 
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Distributed in central and eastern Palearctic 
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Head with chevron extended to antero-lateral 
margin; male with median lobe in dorsal view with 
pre-apical portion narrow (Fig. 20C); distributed 
in far eastern USSR (Fig. 29C) s.2'...0.. latro Sharp 
Head with chevron not extended to antero-lateral 
margin; male with median lobe in dorsal view with 
pre-apical portion broad (Fig. 208). distributed in 
central USSR and Afghanistan (Fig. 29B) 
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3.5 Dytiscus verticalis Say, 1823 

Dytiscus verticalis Say, 1823:92 (Type area— United 
States. Type probably lost, see below.). —Zimmermann, 
1920:255. —Hatch, 1928:226. -—Wallis, 1950:51. —Wallis and 
Bansonyat9 732140 sBharson; 197522396. 

Derivation of specific epithet. — Unclear but probably 
derived from Latin, meaning at the vertex, directly overhead 
Or upright, possibly referring to the chevron on the vertex 
of the head. 

Notes about type material. — As with most of the 
typical material of Thomas Say, original specimens are 
probably lost (Lindroth and Freitag 1969). However Say's 
Original description is sufficiently diagnostic to indicate 
that this 1s indeed the taxon to which he was referring. 
Therefore a neotype is not needed. 

Diagnostic combination. — Large size, sub-apical 
transverse fascia of elytron, infuscate venter, and pronotum 
with broad yellow lateral margins, permit easy recognition 
of adults of this Nearctic species. 

Description. — Measurements of largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is shown in Fig. 1A; coloration of pterothoracic 
sterna and abdominal terga in Fig. 7A; median lobe of male 
in Fig. 14A; and metacoxal processes in Fig. 21A. 

Variation. — Adults are relatively uniform in 


coloration. Pronota and elytra of a very few specimens have 
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a dark greenish cast. The sub-apical transverse fascia of 
the elytron varies in width and distinctness and is absent 
from a few specimens. Pronota of a few specimens have the 
anterior and posterior margins marked with yellow bands, 
less than 10% of width of lateral bands. Some other 
specimens have piceous anterior and posterior margins of the 
pronotum. 

Natural history. — Both adults and larvae of this 
species seem to be most common in ponds associated with the 
eastern deciduous forests and adjacent areas. Data on labels 
are interpreted as evidence for an autumnal emergence from 
the pupal stage (Table 4). Autumnal dispersal could take 
place soon after emergence from the pupa as a teneral 
specimen from Ann Arbor, Michigan, was taken at a porch 
light in July (Tables 4 and 5). Other data suggestive for an 
autumnal dispersal flight are listed in Table 5. No 
information is available about overwintering sites, /.@. in 
water or on land, but adults of D. verticalis appear to have 
a vernal dispersal (Table 5). This vernal dispersal could 
allow adults to feed in temporary pond habitats before going 
on to more permanent breeding sites. They have been taken in 
temporary ponds twice in Ontario, near Huntsville 31.v.72 
and 7.vi.66 (2 ROMC). 

Distniputi on. Map erigwi24a.\Thisisiay species of 
eastern North America which ranges as far west as western 
Ontario and Wisconsin and as far south as North Carolina 


with one dubious record from Homestead, Florida (1 MCZC). 
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Records of this species from the State of California [Stan. 
U. 19.iv. — (2 CASC) and a state record only (1 ICCM)] are 
probably in error. 

Chorological relationships. — D. verticalis is broadly 
sympatric with all other Nearctic species which occur in 
eastern North America except the more northerly D. dauricus 
and D. alaskanus. 

Phylogenetic relationships. — The basal segment of the 
labial palpus of third instar larvae of D. verticalis lacks 
the false segmentation of every other known third stage 
larva of Dytiscus (Wilson 1923, Fig. 37 and Roughley, 
unpublished data) and in this state they are similar to 
third stage larvae of Hyderodes shuckardi Hope (Watts 1964, 
Fig. ex 

Due to the distribution of this character state, I have 
placed members of D. verticalis as the sister group to the 
remainder of Dytiscus. 

Material examined. — A total of 695 adult specimens 
were examined of which 302 are males, 388 are females, and 


for 5 specimens sex was not determined. 
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3.6 Dytiscus harrisii Kirby, 1837 

Dytiscus harrisii Kirby, 1837:76 (Type area— "taken in 
the Journey from New York to Cumberland-house." Holotype—see 
Larson 1975:397.). —Zimmermann, 1920: 242, 248. —Hatch, 
1928:277. —Hatch, 1953:238. —Gordon and Post, 1965:25. —Wallis and 
Larson, 1973:110. -—Larson, 1975:397. 

Derivation of specific epithet. — Kirby named this 


Species in honour of T.W. Harris, "...a very eminent 
American entomologist." 

Diagnostic combination. — Bisinuate anterior margin of 
clypeus, large size, and combination of distinctive dorsal 
and ventral colour pattern (Figs. 1B and 7B) allow easy 
recognition of adults of this species. 

Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters of adult males and females are given in 
Table 3. Dorsal view of the body is shown in Fig. 1B; 
coloration of pterothoracic sterna and abdominal terga in 
Fig. 7B; median lobe of male in Fig. 14B; and metacoxal 
processes in Fig. 21B. 

Variation. — Adults are relatively uniform in 
coloration. Pronota and elytra of a very few specimens have 
a dark green cast. Colour of legs varies, with the posterior 
faces of the pro- and mesofemora testaceous in some 
specimens, rather than the usual piceous to black. This 
difference is not completely correlated with geographic 


locality of the specimen but is more common in eastern North 
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America. The subapical transverse fascia of the elytron 
varies in width and distinctness but is present in all 
specimens examined. 

Larson (1975) commented on the small size of specimens 
from Alberta and Northwest Territories compared to specimens 
from Ontario and Wisconsin. A similar difference was found 
in the course of this study, and is interpreted as 
indicative of sampling bias (see Measurements). Differences 
in length can be explained by a greater size range for adult 
D. harrisii in northwestern North America with smaller 
specimens being more often captured, whereas, in eastern 
North America the size range is smaller and therefore the 
adult stage appears to be larger within this area. 

Natural history. — I have evidence that larval 
development ‘takes placé insor near running water. The 
remainder of the life cycle can be inferred ano information 
on labels of adult specimens examined. Adults probably 
overwinter in relatively permanent water bodies [Vermont, 
Burdington, a22o00.49 ;ecakenkthnough fishing hole@in/ice, L. 
Champlain, (1, UVCC)]. Depending on local climatic and other 
factors, larval development is completed by June or July as 
indicated by occurrence of teneral adult specimens (Table 
4), and mature, field-collected pupae [Alberta, Kneehills 
Creek near Acme; pupa’ coll"d.’ 23.v1.80, adult emg*d- 
Gevireoou, (le UASM): British Columbia, i km N Golden, 
Brepupalcollde2isv2i.00, adult emg%d 10.vii.80° (1, UASM)4. 
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reported by Larson (1975:398) probably represents an 
exceptional situation. Following shortly after adult 
emergence is a dispersal flight (Table 5), presumably to 
overwintering sites but possibly to localities where feeding 
takes place before overwintering begins. During these 
dispersal flights specimens are collected in non-typical 
habitats such as beach drift, and swimming pools (Table 5). 

Distribution. — Map, Fig. 24B. The range of this 
species is transcontinental in the Nearctic region, from 
Newfoundland to Alaska. The northern limit of distribution 
is probably coincident with treeline and the southern limit 
appears to be Rhode Island, Nebraska and Washington. Most 
Specimens are from states and provinces in the vicinity of 
the Great Lakes. 

Chorological relationships. — D. harrisii 1s sympatric 
with other Nearctic species of Dytiscus except D. habilis 
and D. carolinus 

Phylogenetic relationships. — This species is probably 
related to a species complex which includes D. habilis, 

D. hybridus, and D. marginicollis. 

Material examined. — A total of 548 adult specimens 

were examined of which 259 are males, 277 are females, and 


for 12 specimens sex was not determined. 
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3.7 Dytiscus hybridus Aube, 1838 
Dytiscus hybridus Aubé, 1838:116 (Type area—"Etats Unis 


d'Amérique." Type not seen.). —Zimmermann, 1920:248. —Hatch 
19293226. —Hatch 1933:11. —Wallis 1950:51. -—Gordon and Post 
1965:24. —Wallis and Larson 1973:110. —Larson 1975:398. 

Leionotus compar Melsheimer, 1844:26 (Type area — 
"Pennsylvania and Massachusetts." Type not seen.). 
—Zimmermann 1920; 248. 

Derivation of specific epithet. — From the Latin 
hybrida meaning a hybrid or an indication of hybridization, 
presumably because, to Aubé, adults of this species 
demonstrated a mixture of the characteristics of other 
Species. 

Notes about type material. — I searched for, but was 
unable to find, any type material within the R. Oberthur 
collection in MNHN, 

Diagnostic combination. — Adults of D. hybridus are 
distinguished from adults of other species of Dytiscus with 
piceous to black venters, by smaller size, non-explanate 
pronotal margins, and presence of wide yellow margins 
laterally only on pronotum. Females not sulcate. Males with 
mesotarsomeres I to III ventrally with longitudinal glabrous 
area. 

Description. — Measurements of largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters of adult males and females are given in 


Table 3. Dorsal view of the body is shown in Fig. 1D; 
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coloration of pterothoracic and abdominal sterna in Fig. 7C; 
median lobe of male in Fig. 14C; metacoxal processes in Fig. 
2i1&i: 

Variation. — The most conspicuous variation of adult 
D. hybridus is in coloration of the pronotal margin. The 
most common condition is absence of posterior pronotal 
yellow band but with a very narrow anterior band. Some 
specimens have both the anterior and posterior bands 
obliterated and still others have both of these bands 
present and distinct. In examples of the latter, the 
anterior band is wider than the posterior band, and both are 
less than 0.33 width of a lateral band. 

Other than pronotal bands, adults of this species are 
quite uniform in colour and in structural features. Most 
other differences in colour ( @.g. piceous rather than black 
venter) are probably due to age of specimens when collected 
(e.g. fully sclerotized versus teneral). Compared to most 
other species of Dytiscus, D. hybridus occupies a smaller 
geographic range and is structurally more homogeneous. 

Natural History. — Apparently this is a species which 
prefers mature ponds within the eastern deciduous forests of 
North America. 

Collection of an adult female in December at Ithaca, 
New York (Table 5) could be interpreted as evidence that the 
adult stage overwinters in water. However, specimens have 
been collected in flight in Pennsylvania in December and in 


Illinois in January, and may indicate dispersal from any 
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over-wintering habitat. Teneral specimens from the more 
southerly portions of the range were taken in June and July 
(Table 4). Specimen data indicative of flight period is 
inconclusive (Table 5); adults may have only an extended 
late-season flight (July to January) depending on geographic 
location, or a late season flight (July to September) and a 
very early season flight (December to January). 

Distribution (Map, Fig. 24C). — This strictly Nearctic 
species appears to be common only east of the 100th 
meridian. Scattered localities, perhaps indicating range 
expansion (Larson 1975:398), extend the range to Oregon and 
northward into Alberta. The southern limit is represented by 
specimens from Missouri, Tennessee, and North Carolina. The 
hiatus in locality information in the eastern USA which 
coincides with the eastern mountain chains could be 
indicative of less collecting effort, lack of suitable 
habitat within the area, or of avoidance of montane habitats 
by adults of this species. The most north-central and 
north-eastern "limits" are probably artificial and due to 
insufficient collecting. 

Chorological relationships. — Within the D. hybridus 
species group, D. hybridus is broadly sympatric with 
DY harnisi] ronly. 

Phylogenetic relationships. — Adults of this species 
exhibit a high number of plesiotypic character states when 
compared to other members of the D. hybridus species group. 


As such, of the four extant taxa, it is probably the most 
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Similar to the hypothetical ancestor of this clade (see 
Phylogeny). 
Material examined. — A total of 1618 adult specimens 


were examined, of which 843 are males, 769 females, and 6 of 


undetermined sex. 
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3.8 Dytiscus marginicollis LeConte, 1845 
Dytiscus marginicollis LeConte 1845:201 (Type 


locality—"in flumine Missouri". Holotype female in LeConte 
collection of MCZC labelled as follows: [green circular 
label]; Type 6091 [red label]; D. marginicollis Lec., 
albionicus Motsch.). —Zimmermann 1920:252 (ex parte). —Hatch 
19293226, 1933:11.-—Leech 1941:290, 1948:414. —La Rivers 
1951:404. —Hatch 1953:238. -—Leech and Chandler 1956:323. 
—Anderson 1962:73. —Larson 1975:398. 

Dytiscus albionicus Motschulsky 1859:166 (Type 
locality—Fort Ross near San Francisco, California, U.S.A. 
Type not seen.). —Zimmermann 1920:244. 

Dytiscus fusco-striatus Motschulsky 1859:167 (Type 
localnty="St. Francisco™, \CabiforniayeU.S.AacTypeanot 
seen.). —Zimmermann 1920:248. 

Dytiscus anxius, Gemminger and Harold 1868:461, nec 
Mannerheim 1843:461. 

Dytiscus anxius var. albionicus, Gemminger and Harold 
1868:461. —Zimmermann 1920:244; nec Mannerheim 1843:461, nec 
Motschulsky 1859:166. 

Dytiscus vexatus, Hatch 1929:226, nec Sharp 1882:643. 

Derivation of specific epithet — From Latin marginare, 
to enclose within a border, and co/]Jum meaning neck, in 
reference to the yellow margins of the pronotum. 

Notes about type material. — My interpretation of the 
placement of the Motschulsky names cited above differs from 


that of Larson (1975:401), who assigned them to 


<7. 


2uar .osttoded afk tes 

sqyvT) POSs2b8s egnedsd G) Miooinigyee 
afno0ss Ar 2 tenet sqytoloH *imoeeie onimls 
1efestio caste) jewol lod as Gsifedsl 1a 


ned “aifloptatprem .@ 4{ledat Ser} 1008 


ai .(atied xs) SOSSOSET onemesamas- .(.doecaty 
syevid ad- J8;esBSGr ,0eS1 Peer dosea- . 17 HERR 


cce:a9ae? sefbnedd, bag deged- -8¢fefe0} Aare 

GGE. 306! nogxsa~ .OTYSERE | 

agy1T) aat bear. ylaiusoesem sup noldis. exxal 

1.0), saare teen oneipas?? ope . veen eae 0% . ™ 

.962,05°) soumremnis- 0 meee 

savT) Vor s2est yxel fudboetoM aude ve-ooRu maset 

on Sev) <Ave.¥ (Gantelt bao : LIAO SS 

es Cae ee 

-yari , wb esast -Siarshvons TSR MOMTaD ap tears te 
- abstes7 e 


~ 


biorsH. Ons ten lameo ere dovats  . Fav Suiens aaa : 
oan . ah Eset. mistizesnret Gah PEST GSEF ririsiy 3 amar eR — rane 
| | a) see qet 

.8d3+8381 29H Sah a8sseee! doseH ,euieey euch NG oan 
Sren hose. orted aaa’ — teritias Si o8ee to net tent reat _ on 
fi Yeon erinssm MV loS | bons ,isbict,s etasiw seolane 
-mMuUseHoIg stz Lo 2 ip vam wolLay, sit of soeten ) ; 

ad3 to Toi tesevas sisal ym — ASI Seem Sans: dueds astow : 
mozi aisiiib sveds bs7yrs ‘eemen efedudoeaem of: lo tnemeceiq . 
a oy madd USnptdes odw -trobsarer) aceisl ta: bea 


P| - 


” e i. ) 
oom, «| a rT. pt —? shy 


J 


73 


D. circumcinctus. Reassignment is based on absence of 

D. circumcinctus from California, USA, from which 
Motschulsky described both D. albionicus and 

D. fuscostriatus. Also, D. marginicollis is the only taxon 
occurring at the type localities for which Motschulsky would 
have described the venter as "infuscatus" (D. albionicus) or 
"testaceis" (D. fuscostriatus). Examination of Motschulsky's 
types will be helpful in determining proper placement of 
these names. 

Diagnostic combination -- Distinctive pronotal and 
ventral coloration (Fig. 7D) separate adults of this 
Nearctic species from those of all other species except 
D. habilis. Adult males of D. marginicollis distinguished 
from males of D. habilis by mid-ventral glabrous areas on 
mesotarsomeres II and III. Males and females of 
D. marginicollis also have an increased area of the pronotal 
disc infuscate and the posterior margin of this infuscation 
is Sinuate. Adults of D. marginicollis are longer, than 
those of D. habilis (Table 2). Females of both taxa are not 
Sulcate. The range of D. habilis is south of that of 
D. marginicollis. 

Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is not shown; coloration of pterothoracic sterna 
and abdominal terga is shown in Fig. 7D; median lobe of male 


in Fig 14D; and metacoxal processes in Fig. 21D. 
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Variation. — One of the most consistent character 
states shown by adult specimens of D. marginicollis is 
Sinuation of anterior and posterior margins of the discal 
infuscation of the pronotum. This state has permitted rapid 
and efficient sorting of members of this taxon. In contrast, 
there is extreme variation in colour of the scutellum and, 
to a lesser extent, of legs. The scutellum varies from 
completely yellow to completely piceous in most population 
samples. Leg colour varies similarly, and these two states 
are not completely correlated, although there are general 
trends to extremes of both states in some specimens. Some 
specimens have elytral disc with obsolete irrorations. 
Post-mortem changes can discolor ventral and dorsal colour 
patterns. These are usually easily overcome by proper 
cleaning of specimens. Other structural and colour 
characters are relatively uniform. 

Natural history. — Most habitats where I have collected 
adults of this species are characterized by high salinity, 
typical of ponds in grassland areas, and stands of Scirpus 
species. Larson (1975:399) noted an affinity for what were 
presumed to be permanent prairie sloughs in conjunction with 
Typha and Juncus. 

Flight records are available for many months of the 
year, with July predominating (Table 5). Dispersal could 
follow shortly after emergence from pupae, as records of 


teneral specimens range from May to August (Table 4). 
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Taxonomic notes — Leech (1948) noted that two male 
specimens which he examined from Baja California, Mexico, 
might represent a distinct subspecies as they are more 
parallel-sided than other specimens. I have seen these 
specimens and judge them to be within the range of variation 
shown by more northern specimens. 

Distribution (map, Fig. 24D) — The range of this 
species is perhaps significantly, if broadly, described as 
west of that of D. hybridus and north of that of D. habilis. 
The eastern-most record is from Aweme, Manitoba, Canada, and 
the southern-most from San Dimas, Durango, México. Records 
of this taxon from Alaska (eege Hatch 1929, Leech 1948, 
Larson 1975) are suspect, and could stem from the inclusion 
of D. marginicollis as a junior synonym of D. anxius, the 
type locality of which is Sitka, or from Hatch's inclusion 
of D. vexatuS aS a junior synonym of D. marginico/lis. 
However, further collecting could well extend the range of 
this species northward along the British Columbia coast and 
perhaps into Alaska. The northern-most records of adult 
Specimens are from Calgary and Lethbridge, Alberta, Canada, 
although I have seen mature larvae from George Lake, near 
Dunstable, Alberta (Roughley, in prep.). The record for the 
State of Durango, México, mentioned above, may seem 
inconsistent except that I have many larval records from 
Baja California, Mexico (and none for D. habilis, Roughley, 
in prep.) and the Durango specimen may represent disperal 


from Baja California del Sur. 
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Chorological relationships — The exclusively western 
North American distribution of D. marginicollis excludes 
sympatry with D. carolinus and D. verticalis. It is only 
narrowly sympatric or parapatric with D. hybridus and 
Vaenabi Tis. 

Phylogenetic relationships — Within the D. hybridus 
assemblage, adults of D. marginicol]is are most similar in 
colour pattern to those of D. habilis and these two species 
are more Similar to D. harrisii than to D. hybridus. Despite 
these similarities, D. marginicollis is probably the sister 
species to D. hybridus based on common possession of 
glabrous areas on the male mesotarsomeres (Table 3). 

Material examined — A total of 972 adult specimens were 
examined, of which 443 are male, 526 female, and sex was not 


determined for 3 specimens. 
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3.9 Dytiscus habilis Say, 1834 
Dytiscus habilis Say 1834:441 (Type area—"...in the 
river beyond Vera Cruz...", Mexico. Type probably lost.). 


—Zimmermann 1920:248. —Darlington 1938:84 —Wallis 1950:51. 


Derivation of specific epithet — This name is derived 
from the latin habilis, meaning apt, fit, suitable (Brown, 
1956). 

Notes about type material. — Say's types are probably 
lost (see equivalent section under D. verticalis). Since 
Say'S original description agrees well with the present 
concept of this taxon (specimens within the LeConte 
collection, MCZC, belong to this taxon), and considering 
that D. habilis is the only species which is widespread in 
Mexico, a neotype is not required. 

Diagnostic combination. — See discussion under 
equivalent section in treatment of D. marginicollis. 

Description. — Measurements for largest and smallest 
Specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is shown in Fig. 1C; coloration of pterothoracic 
sterna and abdominal terga in Fig. 8A; median lobe of male 
in Fig. 15A; and metacoxal processes in Fig. 21E. 

Variation. — Most of the types of variation discussed 
under D. marginicollis apply equally well to D. habilis. 

Natural history. — Nothing has been published 
concerning natural history of this species. Available flight 


records are for April and October in Chihuahua, México, and 
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June in Arizona, USA (Table 5). Specimens have been taken at 
elevations up to 2010 m [Chihuahua, 5.1 km n Colonia Garcia, 
23.vii.79 (1 UASM)]. Other label information is scarce but 
the specimen mentioned above was taken at the margin of a 
creek, and another Méxican specimen [Chiapas, San Cristobal 
de' las Casas, 6:viis64 > (1.CASC)} was taken in a habitat 
characterized as "pond and spring". 

Distribution (map, Figure 24D). — From southwestern 
Arizona, southeastern New Mexico, and southwestern Texas, 
USA, this species ranges southward to Guatemala. 

Chorological relationships. — Along the northern edge 
of its range, D. habilis is either narrowly sympatric or 
allopatric with D. marginicollis. It is not sympatric with, 
nor does its range closely approach, that of any other 
species of Dytiscus. 

Phylogenetic relationships. — The similarity to 
Specimens of D. marginicol]is was noted in discussion of 
that species. D. habilis is interpreted as representative of 
the lineage sister to that of D. hybridus plus 
D. marginicollis. 

Material examined — A total of 240 adult specimens were 
examined, of which 148 are males, 90 females, and 2 of 


undetermined sex. 
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3.10 Dytiscus semisulcatus Muller, 1776 

Dytiscus semisulcatus Muller 1776:70 (Type 
area—Denmark. Type not seen.). —Zimmermann 1920:253. 
—Guignot 1933:709. —Houlbert 1934:132. —Zimmermann and 
Gschwendtner 1938:38. —Guignot 1947a:242. -F. Balfour-Browne 
1950:268. —F. Balfour-Browne 1953:27. —Zaitsev 1953:324., 
—Guignot 1961:857. —Ordish 1966:254. —Ordish 1967:6. 
—Galewski 1971a:100. -Schaeflein 1971:87. —Franciscolo 
pas he Bch oP Ar 

Dytiscus punctulatus Fabricius 1777:238 (Type area — 
"Chilonii in rivulus". Type not seen.). —Zimmermann 
19 20:3255.. 

Dytiscus frischi Bergstrasser 1778:43 (Type 
locality—Hanau area of Hessen, West Germany. Type not 
seen.). —Zimmermann 1920:254. 

Dytiscus stagnalis Fourcroy 1785:66 (Type 
locality—Paris, France. Type not seen.). — Zimmermann 
ESZOX254 < 

Dytiscus porcatus Thunberg 1794:74 (Type 
area—"Uplandiae," Sweden. Type not seen.). —Zimmermann 
PI2OE254% 

Dytiscus punctatus Olivier 1795:12 (Type locality—not 
stated. Type not seen.). —Zimmermann 1920:254. 

Dytiscus punctulatus ab. maurus Schaufuss 1882:clxxiii 
(Type locality—Dresden in Dresden, West Germany. Type not 
seen.). —Zimmermann 1920:254. —Guignot 1933:709. —Zimmermann 


and Gschwendtner 1938:38. —F. Balfour-Browne 1950:268. 
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—Zaitsev 1953:324. —Guignot 1961:857. 

Dytiscus punctulatus var. expectata Peyerimhoff 
1905:229 (Holotype female from Algeria in MNHN labelled as 
follows: Lac de Mouzaia, 15 Juin 1905; v. # expectatus type 
unique; HOLOTYPE, Dytiscus punctulatus * var. expectata 
Peyerimhoff, examined R.E. Roughley 1981.). 

Dytiscus punctulatus var. expectatus Peyerimhoff. Justified 
emendation. —Zimmermann 1920:254. —Guignot 1933:709. 
—Zimmermann and Gschwendtner 1938:38. —Guignot 1947a:242. 
—F. Balfour-Browne 1950:268. —Zaitsev 1953:324. —Guignot 
19612858.0=Schaefiein 1971:87.e=-Franciscoloy1979: 662: 

Dytiscus punctulatus var. laevis Engert 1911:254 (Type 
locality—Corfu, Greece. Type not seen.). —Zimmermann 
1920:254, —Zimmermann and Gschwendtner 1938:38. —Guignot 
PIGS 58¢ 

Derivation of specific epithet. — From Latin, in 
reference to the short sulci or grooves on the female 
elytra. 

Diagnostic combination. — European distribution, 
infuscate venter (Fig.8B) and pronotum with lateral yellow 
margins only (Fig.2A) easily distinguish adults of this 
taxon. 

Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
thesbodyias Shownain.Fig. 2A; coloration of pterothoracic 


sterna and abdominal sterna in Fig. 8B; median lobe of male 
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in Fig. 15B; and metacoxal processes in Fig. 21F. 

Variation. — Guignot (1961:857) suggested that the 
completely piceous specimens of D. semisulcatus which 
Schaufuss described as ab. maurus is due to post-mortem 
changes. Pronotal colour pattern (Fig. 2A) is quite uniform 
in specimens that I have seen. Only very few specimens have 
the anterior margin of pronotum narrowly reddish or 
yellowish. Most specimens have the legs completely 
infuscate, except for anterior faces of protibia and 
protarsus of both sexes, and the femoral-tibial juncture of 
the hind two pairs of legs is marked by a rufous spot. The 
venter iS piceous to black. Throughout most of its range, 
adult females exhibit sulcate elytra. Only in Palearctic 
Africa do non-sulcate females make up a significant 
proportion of population samples. 

Natural history. — D. semisulcatus is the only species 
of Dytiscus known to overwinter in the larval stage. Blunck 
(1916) fully discussed the life cycle of this species in 
detail, indicating pupation in May. This is in 
contradistinction to the implication by F. Balfour-Browne 
(1950:270) that there is a bimodality to the life cycle in 
England. Balfour-Browne (1950) provides other natural 
history notes, as does Guignot (1933), and records the 
majority of teneral specimens for July, August and 
September. It is apparently a species of strictly 


fresh-water habitats. 
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Distribution (map, Fig. 25A). — This species ranges 
throughout Europe except in the north, but also occurs in 
northern Africa (Guignot 1961). The eastern-most record is 
from Turkestan, Kazakh SSSR. It occurs northward as far as 
southern Sweden based on locality information from specimens 
examined. Apparently it has been introduced into New Zealand 
(Ordish 1966). 

Chorological relationships. — D. semisulcatus is 
broadly sympatric with most other European species of 
Dytiscus. Avaiable distribution records suggest only narrow 
Sympatry with D. mutinensis and D. lapponicus. 

Phylogenetic relationships. — I interpret members of 
this taxon, based on adult characters, to be the most 
plesiotypic of the extant species of Dytiscus of which 
females have sulcate elytra. 

Material examined. — A total of 469 specimens were 


examined of which 242 are males and 217 are females. 
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3.11 Dytiscus sharpi Wehncke, 1875 

Dytiscus sharpi Wehncke 1875:500 (Lectotype male 
designated here from the Wehncke collection, MNHN, labelled 
as follows: LECTOTYPE; SYNTYPE; Japonia [yellow label, black 
edging]; Thoiry; sharpi mihi.). —Zimmermann 1920:254. 
—Zimmermann and Gschwendtner 1938:40 —Zaitsev 1953:325. 

Dytiscus validus Régimbart 1899:311 (Lectotype male 
designated here in the Régimbart collection, MNHN, labelled 
as follows: LECTOTYPE; SYNTYPE; Nagahama, July 1886, Leech; 
LECTOTYPE, Dytiscus val idus Regimbart, selected 
R.E. Roughley.). —Zimmermann 1920:254. —Zaitsev 1953:325. 
NEW SYNONYMY. 

Derivation of specific epithet. — Not specifically 
stated by Wehncke, but obviously named in honour of David 
Sharp, British entomologist. Sharp had begun to accumulate 
the specimens for his 1882 monograph as early as 1875 
according to Severin (1892) and would have been known to 
Wehncke. 

Diagnostic combination. — Adults of this species are 
most Similar to those of D. semisulcatus. These are the only 
two Palearctic species with adults with only lateral yellow 
borders on pronotum and infuscate venter. This species is 
found only in the eastern part of the Palearctic Region. In 
addition to differences in body shape, specimens of these 
taxa are easily separated on the basis of tarsal character 


States presented in the key. 
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Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is shown in Fig. 2B; coloration of pterothoracic 
sterna and abdominal terga in Fig. 8C; median lobe of male 
in Fig. 15C; and metacoxal processes in Fig. 21G. 

Variation. — Too few specimens were seen to establish 
whether or not there are geographic patterns of variation. 
Few specimens have the anterior margin of the pronotum 
narrowly reddish. All females I have seen have sulcate 
elytra, but the female syntype from Wehncke's collection is 
Sulcate basally only, the grooves only about half as long as 
in other specimens of the same sex. Some specimens 
(teneral?) have legs completely brownish-yellow and 
abdominal terga indistinctly maculate (Fig. 8C). Most 
specimens have legs and venter black. 

Natural history. — I can find nothing published about 
the natural history of this species, nor does the scanty 
label data supply any information. 

Distribution (map, Fig. 25B). — 1 have seen records for 
the People's Republic of China and Japan only. This species 
is expected to occur also in the extreme southeastern corner 
OF FthesUSSR. 

Chorological relationships. -— D. sharpi is broadly 
Sympatric only with D. delictus, D. dauricus and 


D. marginalis czerskii. 
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Phylogenetic relationships — Members of this taxon and 
D. semisulcatus form the sister group to a Nearctic complex 
of species which includes D. fasciventris, D. carolinus and 
Do naten t: 

Material examined — A total of 21 specimens were 


examined of which 10 are males and 11 are females. 
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3.12 Dytiscus carolinus Aube, 1838 

Dytiscus carolinus Aubé 1838:120 (Type area—"Etats Unis 
d'Amérique". Type not seen.). NEW STATUS. 

Dytiscus fasciventris, auctorum, nec Say 1824:270. 
—LeConte 1859:177 (ex parte). —Crotch 1873:408 (ex parte). 
—Wickham 1895 (ex parte). —Roberts 1905:106 (ex parte). 
—Blatchley 1910:231 (ex parte). —Zimmermann 1919:233 (ex 
parte). —Zimmermann 1920:248 (ex parte). —Hatch 1929:226 (ex 
parte). —Wallis 1950:51 (ex parte). -Hatch 1953:237 (ex 
parte). —Larson 1975:399 (ex parte). —Michael and Matta 
POPP LER 

Dytiscus new species, Young 1954:26. 


? Dytiscus fasciventrigs —Folkerts 1979:346. 


Derivation of specific epithet. — Not stated by Aubé, 
but presumably referring to the type area which is 
presumably the east coast of the USA in the region occupied 
by the states of North and South Carolina. 

Notes about type material. — I acknowledge the help of 
Dr. F.NS Young, Bloomington, Indiana, who first pointed out 
the validity of this taxon. I have not seen Aubé's type(s), 
but detailed reference to the original description does make 
pec teartthat Ehiseis wndeed “the* taxonetoowhich + hevwas 
referring. 

Diagnostic combination. — Characters presented in the 
key, and the more southern distribution provide a reliable 


distinction between adults of D. fasciventris and 
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D. caPolinus. 

Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is shown in Fig. 2C; coloration of pterothoracic 
sterna and abdominal terga in Fig. 8D; median lobe of male 
in Fig. 15D; and metacoxal processes in Fig. 21H. 

Variation. — See notes under variation in the treatment 
of D. fasciventris. 

Taxonomic notes. — See equivalent section in the 
treatment of D. fasciventris. 

Natural history. — Dr. J.F. Matta, Old Dominion 
University, Norfolk, Virginia, USA, has provided unpublished 
collecting notes for this species in Virginia. Adults were 
collected at sites in which the dominant aquatic vegetation 
was: 1) Ludwigia palustris and Lemna gemsa, 

2) Utricularia sp., and 3) no vegetation. Proportion of 
Surface of ponds covered by vegetation varied from zero to 
complete. Each site was characterized by a large amount of 
detritus. Sites varied from relatively unshaded to ponds 
under a closed canopy. 

One teneral adult male. specimen (Table 4) was seen and 
bears the additional information: larva coll. 21.1iv.73, pupa 
ev sieyead wemerqed: Miavias eo Phight records (Tables) are 
two each for April and June, and one each for July and 


October. 
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Distribution (map, Fig. 25C). — Distributed in a broad 
U-shape, from southern New England, south along the Atlantic 
and Gulf Coast to Georgia, and north along the Mississippi 
River drainage system to southern Michigan and extreme 
southeastern Wisconsin, USA. As for D. hybridus, absence of 
records for eastern mountains is notable. 

Chorological relationships. — D. carolinus is perhaps 
most broadly sympatric with D. verticalis and D. hybridus. 
zones of parapatry with D. fasciventris are noted under 
variation and taxonomic notes in the treatment of that 
species. 

Phylogenetic relationships. — Closely related to 
D. fasciventris (if indeed distinct, see Taxonomic Notes) 
and D. hatchi, it is the most plesiotypic of the Nearctic 
species whose females have sulcate elytra. 

Material examined. —A total of 91 Specimens were 


examined of which 35 are males and 56 are females. 
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3.13 Dytiscus fasciventris Say, 1824 

Dytiscus fasciventris Say 1824:270 (Type area—"Lake 
Superior". Type probably lost.). —Zimmermann 1920:248 (ex 
parte). —Hatch 1929:226 (ex parte). —Wallis 1950:51 (ex 
parte). —Hatch 1953:237 (ex parte). —Wallis and Larson 
1973:110. —Larson 1975:399 (ex parte). 

Dytiscus fasciventris, auctorum, ex parte. 


Misidentification of D. carolinus Aubé, quod vide. 


Derivation of specific epithet. — From the Latin 
fascia, band or stripe, and venter, belly (Brown 1956), in 
reference to the alternating black and yellow fasciae on the 
abdomen of adult specimens. 

Notes about type material. — Say's type is probably 
lost (Larson 1975:400). Although the separation of 
D. carolinus would seem to require a type designation for 
one of these taxa, I hesitate to do so until it can be 
adequately determined that type material of D. carolinus is 
no longer extant. I am confident of assignment of these two 
names because of the differing type areas for these taxa. 

Diagnostic combination. — Characters presented in the 
key and mentioned below in the section on variation should 
be adequate to distinguish between the three closely related 
species D. fasciventris, D. hatchi, and D. carolinus. 

Description. — Measurements for largest and smallest 
specimens are given in Table 2. States of taxonomically 


important characters are given in Table 3. Dorsal view of 
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the body is shown in Fig. 2D; coloration of pterothoracic 
sterna and abdominal terga in Fig. 9A; median lobe of male 
in Fig. 16A; and metacoxal processes in Fig. 211. 

Variation. — Specimens from central and northern 
portions of the range exhibit little variation. However, 
specimens occurring sympatrically with D. carolinus exhibit 
limited convergence, mainly with respect to coloration. In 
southern New England and adjacent areas of the USA, 
specimens of D. fasciventris are more extensively marked 
with reddish colour on the abdominal sterna and thus are 
more Similar to north-eastern specimens of D. carol]inus. As 
well, north-eastern specimens of D. carol]inus are larger 
than more southern specimens, and therefore these two taxa 
are more Similar in size in this region. Specimens from this 
area may be recognized by yellow versus infuscate metacoxal 
plates, females with protarsal claws shorter or subequal 
versus longer than protarsomere V, and shape of the median 
lobe of males (see key). 

The other major area of sympatry, notably in Michigan, 
is more problematic. Most specimens from Michigan are easily 
assigned to one or other of the names on the basis of the 
characters listed above. However, a few females [Michigan, 
Cheboygan Co., Douglas Lake, 16.vii.1978 (UASM)] have 
protarsal claws longer than protarsomere V, expanded 
infuscation on metasternal wings, and extensive areas of red 
colour on the abdominal sterna. Other Michigan specimens 


show similar traits, especially with respect to length of 
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female claws and sternal colour. Most of these specimens are 
from localities north of the known range of D. carolinus, 
but still within the potential dispersal range of this 
Species. In Michigan, then, specimens from a few localities 
have character states indicative of introgression between 

D. fasciventris and D. carolinus. 

A similar but less complex situation is indicated 
between D. fasciventris and D. hatchi. Pronota of eastern 
specimens of D. fasciventris lack or have very narrow 
anterior and posterior yellow margins. Specimens from 
Alberta and British Columbia have much wider anterior and 
posterior yellow margins. In some examples, the anterior 
yellow margin is 0.2 of pronotal length (Wallis 1950:51). 
Thus, western specimens of D. fasciventris are more similar 
to D. hatchi in this character, although other characters 
are consistently different between these two taxa. 
Therefore, there is a possibility that introgression is 
occurring or has occurred between western populations of 
D. fasciventris and D. hatchi. 

Taxonomic notes. — D. fasciventris specimens have long 
been confused with those of D. carolinus, but I recognize 
two species. Possible introgression between D. fasciventris 
and D. carolinus in eastern North America, and between 
D. fasciventris and D. hatchi in western North America (see 
above) is problematic in that if all three are 
reproductively isolated but closely related taxa, then one 


would expect character displacement rather than character 
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convergence within areas of sympatry. Despite this 
convergence, I retain specific level status for each of 
these taxa because: 1) introgression has not been 
conclusively demonstrated; and 2) convergence is limited to 
a few characters only (except in northern Michigan between 
D. fasciventris and D. carolinus). I do not treat 

D. carolinus and D. fasciventris as subspecies since: 1) the 
area where maximum convergence apparently occurs is north of 
the known range of D. carolinus; 2) there is no convergence 
in at least two characters (colour of metacoxal plates and 
Shape of median lobe); and 3) difference in amount of 
character convergence between Michigan and north-eastern 
United States. 

No evidence to suggests that introgression is occurring 
now. In fact, variation in degree of character convergence 
is suggestive of an alternative hypothesis. Much of the 
apparent similarity could be derived from compression, 
fragmentation and broad overlap of ranges which would have 
been necessary adjustments to, for instance, the Wisconsinan 
glacial epoch. Thus the apparent convergence could be 
indicative of Wisconsinan rather than Holocene 
introgression. More extensive collections of specimens from 
the zones of sympatry, and attempts to cross these putative 
specifically distinct taxa in laboratory and field 
Situations will determine their ultimate taxonomic fate. 

The major consistent differences between adult 


specimens of D. fasciventris and D. carolinus are given in 
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the key to species. Other differences are length and width 
(Table 2), differences in form of the apex of the median 
lobe (compare Figs. 15d and 16a), and leg colour (generally 
darker in D. carolinus). 

Wallis (1950:51) listed a number of subtle differences 
between specimens of D. fasciventris and D. hatchi, other 
than those used in the key. These are: 1) males of D. hatchi 
with elytra more distinctly punctate basally; 2) median lobe 
of male D. hatchi more linear than that of males of 
D. fasciventris; 3) infuscate markings of abdominal sterna 
touching the inter-sternal suture in D. fasciventris, as 
compared to isolated central blotches in D. hatchi; and 
4) broader anterior and posterior bands of yellow of 
pronotum on specimens of D. hatchi. 

Natural history. — James (1970) and Larson (1975) 
provide natural history notes about this species in Ontario 
and Alberta, Canada, respectively. Adults probably reproduce 
quite early in the spring and are avid predators of early 
Spring mosquitoes. James (1970) discusses parasitoids of 
pupae of D. fasciventris. 

Flight records are roughly divisible into a vernal 
dispersal flight from April to late June, anda 
post-emergence flight from July to November (Table 5). All 
available records for teneral specimens are for the month of 
July (Table 4 and Larson 1975:400). 

Distribution (map, Fig. 25D). — Transcontinental in 


North America, from the Maritime Provinces to Vancouver 
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Island in Canada, this species extends southward to extreme 
southern Indiana, USA. The northern-most record is for 
Dawson City in Canada's Yukon Territory. 

Chorological relationships. — Throughout its entire 
range, D. fasciventris is sympatric (at least narrowly so) 
with every other Nearctic species of Dytiscus except 
D. habilis. 

Phylogenetic relationships. — D. fasciventris forms, in 
conjunction with D. carolinus and D. hatchi, a closely 
related assemblage of relatively recent origin, judging by 
the relatively small amount of structural divergence of 
adults, evidence of possible introgression, and geographical 
replacement of these taxa with only narrow zones of 
Sympatry. 

Material examined. — A total of 1,257 specimens were 
examined of which 610 are males, 645 females, and sex was 


not determined for 2 specimens. 
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3.14 Dytiscus hatchi Wallis, 1950 

Dytiscus hatchi Wallis 1950:50 (Holotype male in CNIC, 
labelled as follows: Pond N. of Bethel, Washington, 
Apr. 21 1940; holotype male Dytiscus hatchi Wallis; holotype 
Dytiscus hatchi Wallis No. 5880.). —Hatch 1953:237. —Leech 


and Chandler 1956:323. —Larson 1975:400. 


Derivation of specific epithet. — Wallis named this 
taxon in honour of the late Melville Hatch, noted 
coleopterist. 

Diagnostic combination. — Character states presented in 
the key and distribution, supplemented by characters 
mentioned in taxonomic notes under treatment of 
D. fasciventris allow accurate determination of adult 
specimens of D. hatchi. 

Description. — Measurements for largest and smallest 
Specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
the body is shown in Fig. 2E; coloration of pterothoracic 
sterna and abdominal terga in Fig. 9B; median lobe of male 
in Fig. 16B; and metacoxal processes in Fig. 21d. 

Variation. — Important aspects of variation are 
discussed in section about variation in the treatment of 


D. fasciventris. 


Taxonomic notes. — See equivalent section in treatment 


of D. fasciventris. 
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Natural history. — Nothing substantial is published, 
nor can much be inferred from label information about the 
natural history of this taxon. Teneral specimens are known 
from the month of August (Table 4). Two flight records are 
available for the month of July (Table 5). Because of the 
phylogenetic affinities of this taxon to D. fasciventris, it 
probably represents the ecological replacement of 
D. fasciventris in western North America. 

Distribution (map, Fig. 25E). — The range of this 
Species extends from British Columbia, Canada, south to 
California, USA. All records are from localities west of the 
Rocky Mountains. 

Chorological relationships. — D. hatchi is broadly 
Sympatric only with D. marginicollis. It is narrowly 
Sympatric with its closest relative, D. fasciventris, in 
southern British Columbia, Canada. 

Phylogenetic relationships. — See notes under 
equivalent section in treatment of D. fasciventris. 

Material examined. —A total of 222 specimens were 
examined of which 107 are males, 112 females, and sex was 


not determined for 3 specimens. 
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3.15 Dytiscus cordieri Aube, 1838 
Dytiscus cordieri Aubé 1838:108 (Type locality — 
",..-Boston...", Mass., USA. Type not seen). —Zimmermann 
1920:246. —Wallis, 1950:51. —Hatch 1953:238. —Gordon and 
Post 1965:25. —Wallis and Larson 1973:110. -—Larson 1975:400. 
Dytiscus sublimbatus LeConte 1857:34 (Type locality — 
"Prairie Paso", Oregon Territory. Holotype female in LeConte 
collection, MCZC, labelled as follows: "Or.; 
D. sublimbatus Lec; Horn Coll H. 1485"). —Zimmermann 
1920:246. —Hatch 1929:226. —Wallis and Larson 1973:110. 
Dytiscus marginalis auctorum, nec Linnaeus 1758. 
Misidentification. Sharp 1882:641 (ex parte). —Ganglbauer 
1892:515 (ex parte). —Wickham 1895:151 (ex parte). —Roberts 
1905:106 (ex parte). —Csiki 1908:508 (ex parte). —Reitter 
1908:233 (ex parte). —Reitter 1909:46 (ex parte). —Des Gozis 
1910:12 (ex parte). —Blunck 1913:47 (ex parte). 
—Schaufuss 1913:138 (ex parte). —Zimmermann 1920:250 
(ex parte). —Guignot 1933:718 (ex parte). —Houlbert 1934:133 
(ex parte). —Zimmermann and Gschwendtner 1938:47 (ex parte) 
—Guignot, 1947:243 (ex parte). —Balfour-Browne 1950:270 
(ex parte). —Zaitsev 1953:327 (ex parte). —Galewski 
1971a:100 (ex parte). —Franciscolo 1979:665 (ex parte). 
Derivation of specific epithet. — Obscure, but possibly 
with reference to the French word "cordier", meaning a 
rope-maker or rope-merchant. Perhaps a reference to the 
collector'sxnamesor»occupation ofS thesproecurorvof : the 


specimens for Chevrolat in Boston. 
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characters are given in Table 3. Dorsal view of body is 
shown in Fig. 3A; coloration of pterothoracic and abdominal 
sterna in Fig. 9C; median lobe of male in Fig. 16C; and 
metacoxal processes in Fig. 21K. 

Taxonomic notes. — I believe most records of 
D. marginalis in North America are based on specimens of 
D. cordieri, or on mislabelled specimens. Adult D. cordieri 
are most eaSily distinguished from D. marginalis by an 
elongate chevron on the frons extended to the antennal 
bases. In addition, adult male specimens of these two taxa 
are eaSily separated on the basis of pronotal structure (not 
explanate in D. cordieri, explanate in D. marginalis), and 
shape of apex of median lobe (rounded in D. cordieri, 

Fig. 16C); with distinct apical knob in D. marginalis, 

Fig. 17C). Adult females are more similar because those of 
D. cordieri are shallowly or indistinctly explanate 
laterally, while those of D. marginalis are more distinctly 
explanate. Female adults are best separated by association 
with males and distribution. Further discussion of the 
confusion between D. cordieri and D. marginalis is provided 
within the treatment of the latter. 

Variation. — There is a geographic basis to the 
occurrence of sulcate females. Most eastern Specimens are 
Sulcate and most western, nonsulcate. For example 59 of 67 
adult females from Ontario were sulcate, while of 142 
specimens examined by Larson (1975) and me from Alberta, 


British Columbia, Manitoba and Saskatchewan, 11 are sulcate. 
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Almost all adult specimens of D. cordieri have the 
distinctively elongate chevron of the frons. In a few 
specimens, however, this is difficult to see because of 
post-mortem discoloration. Once these specimens are 
sufficiently cleaned, it is quite distinctive. 

Pterothoracic sternal coloration is predominantly 
yellowish. The darkest specimen seen, which is quite outside 
the normal range of variation, is illustrated in Fig. 9C. 
Infuscation is restricted to the central area of the 
metasternum and sutures of the sterna in most specimens. 

Natural history. — Larval development is probably 
completed between mid-July and mid-August, since teneral 
adults have been collected in late July and throughout 
August (Table 4). I have no information about overwintering 
Sites of adults, except one specimen from Aweme, Manitoba, 
26.iv.30 (1 CNIC) "taken under logs out of water". This 
record could represent an overwintering site, but could just 
as eaSily indicate an example of a poor choice for a landing 
during dispersal. Label data indicative of dispersal is 
presented in Table 5. Records predominate for April in the 
Spring and post-emergence flight takes place from July to 
October. 

Larson (1975:401) noted that adults of D. cordieri 
occur in a wide variety of types of water body, and 
furthermore, that most records of D. cordieri are 
represented by individuals, with the longest series he had 


seen from Alberta being three specimens. Larson suggested 
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that this was due either to low population densities or to 
insufficient knowledge of microhabitat of adults. 

Using data from museum specimens, which has 
limitations, I tallied the number of adult specimens 
collected on a single day by a single collector, hereafter 
referred to as a sample. Of 335 samples from almost the 
entire range of the species, the average was 1.6 specimens. 
A similar tally for adult D. alaskanus yielded 202 samples 
averaging 3.4 specimens. The latter perhaps is more typical 
of Dytiscus adults. Less than 20 of these samples of adult 
D. cordieri were of more than five specimens, including 
bottle-trapped samples, and most of these are from April or 
from late August to early October, and were probably 
collected during or shortly after dispersal flight. By 
inference, I conclude that adults of D. cordieri occur at a 
lower population density than do those of other species. 

Distribution (map, Fig. 26A). — This species is 
transcontinental in North America, ranging from Alaska and 
the Northwest Territories, south to central California and 
northern Colorado, with the most southern record being from 
Gastonia, North Carolina. 

Chorological relationships. — In some part of its 
range, D. cordieri is sympatric with every other Nearctic 
species of Dytiscus except the Mexican D. habilis. 

Phylogenetic relationships. — In my phylogenetic 
interpretation of Dytiscus, I have placed this species 


within the D. dimidiatus-group on the basis of presence of 


hort 


oF 1 aabiremrh Agidaluged wel ot vedtis » 
tubs fo 48 eidatovsi@n Bo sokoninalaa 

eet: doide ,ensGiosge misacm mot? stab 
nahrocqe tiie 2e,.2edmon yi? bei fies — 
iwiteetad . yd reese s vd ~~ otgnge a —_ 
sis szomls 1 getamee (ae 20; shqwene s. 2" 
saneamineqe, 3.)" 25 Ben fs sit”  Recoete: “ont io! soma 
GQ  pitfie <0% ylier 
ayt s1dm.2f edeiteq teitehon? , themboeqs 3 784 
Bz 524+ So Of nett wand .atiobe | 


t 
oi 
a 

£ 
j 
ib 

i 
= 
= 
i: 
— 
iy 


pntoyton anemtieqa avi?) neds stom 36. 
Liagd, moll ans etait, to green bos ‘eatemeet 
‘Tdsdowg sisw 5176 x edosae rive ot rennet 
{dpil*y Leetsqeth astas tls tate to erin 
naibnos. .G %e $tiG8 dedd: baloney fs 
abe Space ise to 4 sHbds on boeat y 7 Fenes mening 
esi ssa¢ aLat— VAR ee ss aid ci tabiest 
be5 setasiA mortd eprenrs ,GDdiztsma ees ud letter 
Bie &inyotiteD' lazszeses'’ Od: Asuaa  ahiptliiwl? aqends10w ‘= 


iste 


ae 


mid pinisd bieavs | fxtetjeoe. ‘foam edd itatw absi2ofo?-¢ dane 


“srilorad ido inn 

nat to .328Q onde al — .eatfena) tele (sat GORA —< 
sidsiseh istae' yrevs os iv di ttegmye af i7Slenes .@4 

2b vise .@ neoigeM oda iqeoss euneli fo) 

rivouspolida em nt 2 eanolteisr 21 Yaneyget yn 5: 

asteeqe sind hesetg sued I ,ausata)ae vorsezengaaimd: 


to, sqnsHe7g jo .2f2ed 42 a0 “‘quotTo-2.te) Bie: Qadiani intiw ve 


a 


102 


rounded metacoxal processes, rounded apex of the median 
lobe, and absence of a distinct knob at the apex of the 
median lobe. Specimens of D. cordieri are phenetically quite 
distinct from other members of the D. dimidatus-group and 
represent the only Nearctic members of the group. 

Material examined. — A total of 691 adult specimens 
were examined of which 362 were males, 328 were females, and 


for one specimen sex was not determined. 


netbem edt Jo. xeqa Bebavet .esaaedota 
eit to xsaa ed¥ da donk soniszaib « io a 


atiup yllscisenadq: 63s Ineinnos a Yo a  2eqe. 
bas quoip SyISDIAD & ed) lo atedmee: vetted 
.qvoip effi¢ ei eredmem oi dovast vino 

‘anemiosge slubs fea yo {6293 4 - bari mee 1S 
bas .aeismet stew BFE par? eiew S36 doitw 105 
.benimseteh 100 aes noe aml) 


103 


3.16 Dytiscus mutinensis Pederzani, 1971 

Dytiscus dimidiatus ab. mutinensis Fiori 1881:276 
(Information about types below). —Zimmermann 1920:248. 
—Muller 1926:298. —Guignot 1933:715 (ex parte). —Zimmermann 
and Gschwendtner 1938:40. —F. Balfour-Browne 1950:285. 
—Zaitsev 1953:325. —Schaeflein 1971:87. —Franciscolo 
$9792663:: 

Dytiscus pisanus var. mutinensis; Guignot 1931:7 
(Misidentification of D. dimidiatus), quod vide. 

Dytiscus mutinensis Pederzani 1971:220 (Information 


about types below). —Schaeflein 1973:74. 


Derivation of specific epithet. — From "Mutina", the 
Latin name of Modena, Italy, Fiori's type locality. 

Notes about type material. — Fiori's type is discussed 
by Pederzani (1971). Pederzani, when elevating this taxon to 
Specific rank, retained the same epithet, presumably to 
provide continuity in use of this name. For his new, 
Species-level taxon, Pederzani designated a new type 
specimen from Italy for which he gives the following 
information: "Holotypus [male symbol]: Ravenna, pineta di 
S. Vitale, 20.ix.1970, leg. Pederzani.” It is deposited in 
the Museo Civico di Storia Naturale de Milano, Italy 
(Pederzani, 1971:222). 

Diagnostic combination. — Adults of this species are 
best separated by characters presented in the key. 


Supplemental character states distinguishing it from 
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D. dimidiatus and D. pisanus are provided by Pederzani 
(1971). 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 3B; coloration of pterothoracic and abdominal 
sterna in Fig. 9D; median lobe of male in Fig. 16D; and 
metacoxal processes in Fig. 21L. 

Taxonomic notes. — This taxon has long been confused 
with members of D. dimidiatus because adults are quite 
Similar in external features. Pederzani (1971) was the first 
to distinguish this taxon as being of specific rank. As 
such, a new holotype was needed, and a specimen was so 
designated by that author. 

Part of the taxonomic confusion arose because 
non-sulcate females of D. dimidiatus were assigned to 
D. dimidiatus ab. mutinensis. Guignot's (1931, 1933) record 
of this aberration from France, Department of 
Bouches-du-Rhoéne, St. Remy (1 MNHN) is such a non-sulcate 
female. Both D. dimidiatus and D. mutinensis have the 
Sulcate and non-sulcate states of the elytra of females. 

Franciscolo (1979:663-664) expresses reservations about 
the species-level separation of D. mutinensis and 
D. dimidiatus. As he infers, the longer metatarsomere V of 
male D. dimidiatus would be expected to have more punctures 
(approximately 60) than that of the shorter one of 


D. mutinensis (approximately 30), and this is one of the 


tnecishsd vd Bebiverg ots suiresiq. 0.4 


aneuizecs oevisesase@emgat 26 atoamstpeas - 002 
SARS TOM. NS Lipp ERCRO ESS Io -aarbse 1S olde? ak 
ai yBed io weev? ceenatt «t Sidat fs nav ip 

Lenrmebdse bin) 22367 tide 1934 te me t3 pe LO o - Poe priate 
bre (Gal oh fii acon io edol nsibee Ce .ph aaa 

| oats sprint eseasc071q ‘Des 

beauinos) sesh lone lass nexda aicT ~ .2e3or Si 2 
gtiup e218 221eba4 setzoadit Evtelbitis .o @e axoinem d 

si? aft asw (UEP) -febsizeped sever ees: idatesee ai): a 
Ansi DFitosqe 10 i3d 38° aonsa wkd deivgniseit 7 

qa 6 ae ,03959eq 2a¥: eaesotod wenie) i , . 

| tedtew sods yd Sheen 

sausl5¢ sa0t6 notes ines, 4imepouad ed?" aa 


:+ Beaoleas ser sudpdaate ‘9 to eshemel. ods 
: Peet 2' ony bed -2Teneqi tan ds euisit 


16 1 1328S BSG iter be & bck: neiteteds : 

sjanluaraon a dogs 2l (am 1) ina 72 ,enéda-ob 
iM . ' : - 

add evet 2iacani aun .@ bas euisibini® dios velanem 


i 


eigmet 20 eniyls nt to #43a¢2 shepdse-non bases 


\ 


twodg anoiseviseses aeddetg ss (hea-Eaarerer sloosisnse7t / 4 


=f. , = 


bis eienani tum . 36 qobteveqeg [oval-aeiveqa eas 
to V oxemoctecsson topnol 44 ,23eank Shae -eutetoimib@ 
eaiuionug 27am dao Sstosqee sd Slucwgutethinth 1G atem’ 
ig ano yediode aft So sens) hee ie veledsmixorgqes) 
ad? io eno 2f eidy tne, (06 ‘yisremikongae) elanantdum a 

ee 


= eV : 


105 


major differences used by Pederzani (1971) and me. 
Franciscolo notes that other differences between these 
putative species are very subtle. 

I have maintained the separation of these taxa as 
species for the following reasons: 1) consistent, if slight, 
differences in shape of median lobe of males; 2) information 
provided by Franciscolo (1979) that specimens assignable to 
both taxa were taken in the same ponds; and 3) lack of 
intermediate specimens among the limited sample I have seen. 
I believe that the subtlety of differences between members 
of these taxa is due to recent speciation. 

Variation. — 1 saw slight variation in external 
features of adults in 12 specimens of D. mutinensis. Of the 
five males examined in detail, number of punctures on the 
anterior surface of protarsomere V ranged between 24 and 34. 

Presence or absence of the anterior yellow band of the 
pronotum varies, but when present, this band is quite 
narrow, in most less than 10% of width of lateral bands. Two 
of the four females from Corfu have slightly impressed 
grooves. 

Natural history. — Pederzani (1971) notes a preference 
of adult specimens of D. mutinensis for lentic habitats with 
much vegetation and detrius. They occur in both open and 
shaded habitats, but locally. Angelini (1978) provides more 
detailed notes about habitats where specimens of 
D. mutinensis were collected, and adds occurrence in slowly 


moving water. 
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Distribution (map, Fig. 26B). — This species occurs 
throughout Italy and around the Adriatic Sea. Guignot's 
record from France is discussed above. I suspect that the 
records of this aberration from southern France provided by 
Thérond (1975:106) will also prove to be non-sulcate females 
of D. dimidiatus. Therefore, these latter records do not 
appear on Fig. 26b. 

Chorological relationships. — Even though it occupies a 
small range, D. mutinensis is sympatric with all other 
European species except Dytiscus lapponicus. 

Phylogenetic relationships. — I have interpretted 
D. mutinensis as the sister species of D. dimidiatus, both 
of which are allied to D. cordieri and D. pisanus. 

Material examined. — A total of 13 adult specimens were 


examined, of which 8 were males, and 5 were females. 
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3.17.3 Dytiscus dimidiatus Bergstrasser, 1778 

Dytiscus dimidiatus Bergstasser 1778:33 (Type locality 
— Hanau area of Hessen, West Germany. Type not seen.). 
—Zimmermann 1920:247. —Guignot 1933:712. —Houlbert 1934:132. 
—Zimmermann and Gschwendtner 1938:40. —Guignot 1947a:242. 
—F. Balfour-Browne 1950:285. —1953:27 -—Zaitsev 1953:325. 
—Galewski 1971a:100. -Schaeflein 1971:87. —Pederzani 
ba/ae222er—Pranciscolo 1979:663. 

Dytiscus dimidiatus ab. mutinensis; Guignot 1933:715 
(ex parte). 


Dytiscus pisanus ab. mutinensis; Guignot 1931:7. 


Derivation of specific epithet. — Latin for 'halved', 
presumably in reference to length of elytral sulci of adult 
females (Fig. 3c). 

Diagnostic combination. — Adults of this species are 
best separated by characters presented in the key. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
Shown in Fig. 3C; coloration of pterothoracic and abdominal 
sterna in Fig. 10A; median lobe of male in Fig. 17A; and 
metacoxal processes in Fig. 21M. 

Taxonomic notes. — For a discussion of the confusion of 
species between D. mutinensis and D. dimidiatus by previous 
taxonomists, see the equivalent section in the treatment of 


the former species. 
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Variation. — Slight variation in external features of 
adults was noted and consisted mostly of presence, absence 
and width of anterior and posterior yellow bands of the 
pronotum. The anterior yellow band was consistently less 
than 30% of the width of the lateral bands of the pronotum. 

Most females have sulcate elytra. For a discussion of 
record of non-Sulcate females, see Taxonomic notes under 
D. mutinensis. 

Natural history. — Balfour-Browne (1950) stated that 
adults of this species are typically found in fens with 
occaSional records from more temporary or disturbed 
habitats. He also gives a flight record for May and a record 
of a teneral specimen for September. 

Pederzani (1971) implies that specimens live in both 
open, disturbed habitats as well as more mature ponds. 
Neither this species nor D. mutinensis are found as adults 
in anything but very slowly running water. Korschelt (1923, 
1924) gives further details about natural history of this 
species. 

Distribution (map, Fig. 26C). — This species occurs 
throughout Europe. In Scandinavia, I have no records north 
of about 62°N. The easternmost record is at about 41°E. I 
have seen specimens labelled simply "Africa" (CASC) but have 
not been able to find any precise locality records for 
Anica: 

Chorological relationships. — D. dimidiatus is 


Sympatric with every other species of Dytiscus occurring in 
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Europe. 

Phylogenetic relationships. — See equivalent section 
under treatment of D. mutinensis. 

Material examined. — A total of 305 adults were 


examined, of which 156 are males and 149 are females. 
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3.18 Dytiscus pisanus LaPorte Compte de Castelnau, 1835 

Dytiscus pisanus LaPorte Compte de Castelnau 1835:98 
(Type locality — "Pise", Italy. Lectotype, here selected — 
male in BMNH labelled: LECTOTYPE; SYNTYPE; Sharp coll., 
1905-313;Dytiscus pisanus Lap., Italia [male symbol]; 
LECTOTYPE, Dytiscus pisanus LaPorte de Castelnau 1835, 
selected R.E. Roughley.). —Zimmermann 1920:253. —Guignot 
1933:719. —Houlbert 1934:134. —Zimmermann and Gschwendtner 
1938:44, —Guignot 1947a:244. -—Guignot 1961:859. —Pederzani 
1971:224. —Franciscolo 1979:666. 

Dytiscus ibericus Rosenhauer 1856:47 (Type locality — 
Algeciras, Spain. Type not seen.) —Zimmermann 1920:253. 

Dytiscus pisanus var. ibericus; -—Guignot 1931:7. 
—Guignot 1933:719. —Zimmermann and Gschwendtner 1938:44, 
—Guignot 1947a:244,. —Guignot 1961:859. —Franciscolo 
19792660; 

Dytiscus pisanus var. nonsulcatus Zimmermann 1919:233 
(Type locality — not given. Holotype in Zimmermann 
collection, ZSBS, labelled as follows: #; Tanger, Rolph; 
Type; Holotypus, Dytiscus pisanus *? var. nonsulcatus Zim., 
Staatssaml. Munchen.). —Zimmermann 1920:253. —Pederzani 
HOA TE2I9% 

Derivation of specific epithet. — "Pisanus" is the 
adjectival form of the name of the type locality, Pisa, 
Deter Le 

Diagnostic combination. — European distribution, 


pronotum broadly margined with yellow on all sides, combined 
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with rounded lobe of metacoxal process and detailed features 
presented in the key allow accurate determination of adult 
specimens. Also, the form of the median lobe of male adults 
is quite distinctive (Fig. 17B). 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 3D; coloration of pterothoracic and abdominal 
sterna in Fig. 10B; median lobe of male in Fig. 17B; and 
metacoxal processes in Fig. 21N. 

Variation. — I have seen too few specimens of this 
taxon to assess patterns of variation. More than half of the 
specimens seen have the pterothoracic sterna piceous 
ventrally as in Fig. 10b. Associated with this coloration in 
most specimens is a darkening of abdominal sterna. 
Conversely, those specimens with lighter pterothoracic 
sterna tend to be closer to uniformly yellow in ventral 
coloration. 

Guignot (1933:720) states that the non-sulcate form is 
quite rare. To his list of localities for non-sulcate 
females, I add only Godelleta, Spain (1 MCZC). Thus, the 
non-Ssulcate form is restricted to the southern and western 
parts of the range (southern France, Spain, Morocco and 
Algeria). 

Taxonomic notes. — Guignot (1933) states that certain 
(unnamed) authors proposed to make D. pisanus a variety of 


D. marginalis. He provides several minor distinctions 
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between adults of these species, and a major difference in 
form of the median lobe. These distinctions, in conjunction 
with those presented in the key, demonstrate that two 
species are represented, especially when supplemented with 
the information that D. pisanus is widely sympatric with 

D. marginalis. 

Zimmermann (1919) erected D. pisanus var. nonsulcatus 
for female forms with smooth elytra. Many authors have used 
ibericus for this form, but Pederzani (1971) examined five 
specimens from MNHN determined as Dytiscus ibericus and 
states that they were grooved. 

Natural history. — Guignot (1933) states that adults of 
D. pisanus live in calm, clear water. However, Pederzani 
(1971) notes a preference for running water or for pools in 
stream beds. 

Distribution (map, Fig. 26D). — This species has a 
Mediterranean distribution, but does occur as far north as 
50°. The easternmost record is for the island of Crete, and 
the southernmost are Algeria and Morocco. 

Chorological relationships. — Apparently sympatric with 
every other European species of Dytiscus. If its preference 
for running water is correct though, it may well occupy a 
distinctly different microhabitat from that of most 
GO-OCCULDING taxa. 

Phylogenetic relationships. — The rounded apex of the 
median lobe indicates a close relationship to Dytiscus 


mut inensis and Dytiscus dimidiatus. 
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Material examined. — A total of 129 specimens were 


examined of which 50 were males and 79 females. 
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3.19 Dytiscus marginalis Linnaeus, 1758 
Dytiscus marginalis Linnaeus 1758:411. 


Derivation of specific epithet. — With reference to all 
Sides of the pronotum, or alternatively, lateral edges of 
elytra being margined with yellow. 

Diagnostic combination. — The combination of Palearctic 
distribution, acute but not acuminate metacoxal lobes, 
pronotum with yellow margin on all sides, and form of median 
lobe of males distinguish males of this taxon. 

Taxonomic notes. — Some notes about confusion between 
D. marginalis and D. cordieri are presented under the 
treatment of the latter. Sharp (1882:641) was the first to 
ascribe D. marginalis to the Nearctic fauna based on a 
female specimen labelled "am. bor. int., montagnes 
rocheuses", and another individual "...said to be from North 
America, in Murray's collection." The latter record refers 
to a specimen of D. cordieri. The former specimen, provided 
by Castelnau, is deposited in BMNH and is a sulcate female 
of D. marginalis. I believe this specimen to be mislabelled. 
Similarily, I have seen the following specimens of 
D. marginalis which presumably have incorrect locality 
information: America (1 HNHM), "Ind." (1 CNIC), Canada? 
(1eMCZC);;: “Detroit, Mich: «(3 .ICCM),;-Grand Portage, “Labrx 
2.vi.17 (1 ICCM), Montreal, Quebec (1 ICCM), Allegheny Co., 
Pa., vi.25 (1 ICCM), Quebec (1 ICCM), Ridgeway, Ont. 


(VaCCM). and: Toronto,.(Ont., vi. 14 (1) 1CGM). AS) Branck 
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(1946:146) pointed out, there is little difference in form 
of the median lobe between eastern and western Palearctic 
specimens of D. marginalis. However, there are major 
differences in ventral coloration, and these colour forms 
are geographically vicariant. Thus, I have decided to treat 
D. marginalisS as two subspecies: 1) the nominate, western 
Palearctic form, characterized by predominantly yellow 
pterothoracic sterna; and 2) an eastern Palearctic form for 
which the name D. czerskii is available and in which adults 
have the pterothoracic sterna appreciably marked with black 
Or piceous. The two forms are allopatric and could represent 
taxa of specific level. However, differences in form of the 
median lobe are too slight to support such a conclusion, 
without additional supporting evidence. I have not seen 
intermediates in type of ventral coloration. 

Distribution. — This ubiquitous Palearctic species, 
when the combined ranges of both subspecies are considered, 
includes most of the Palearctic region. 

Chorological relationships. — The aggregate range of 
both subspecies of this species suggest that it is sympatric 
with every other Palearctic species of Dytiscus except 
possibly D. sinensis. 

Phylogenetic relationships. — Presence of character 
states such as acute metacoxal lobes, margined pronotum, as 
well as those found in form of the median lobe of males, 


indicate that it is closest to D. persicus and D. delictus. 
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Dytiscus marginalis marginalis Linnaeus, 1758, NEW STATUS 
Dytiscus marginalis Linnaeus 1758:411 (Type area — 


"Europae". Type not seen.). —Zimmermann 1920:249. —Muller 
1926:298. —Guignot 1933:715. —Houlbert 1934:133. —Zimmermann 
and Gschwendtner 1938:47. —Guignot 1947a:243. 

—F. Balfour-Browne 1950:270. —F. Balfour-Browne 1953:27. 
—Zaitsev 1953:327. —Galewski 1971a:100. —Schaeflein 1971:88. 
—Franciscolo 1979:665. 

D. marginalis, auctorum. Nearctic records are 
D. cordieri, quod vide. Misidentification. 

Dytiscus semistriatus Linnaeus 1758:412 (Type area — 
"Europae". Type not seen.). —Zimmermann 1920:250. 

Dytiscus totomarginalis DeGeer 1774:391 (Type locality 
not stated. Type not seen.). —Zimmermann 1920:250. 

Dytiscus conformis Kunze 1812:58 (Type locality — 
"Leipzig". Type not seen.). —Zimmermann 1920:250 

Dytiscus marginalis var. conformis Kunze; —Zimmermann 
1920:250. —Muller 1926:298. —Guignot 1933:715. —Zimmermann 
and Gschwendtner 1938:47. —Guignot 1947a:243. 

—F. Balfour-Browne 1950:250. —Zaitsev 1953:327. —Schaeflein 
19712880°—Franciscolo 1979:665. 

Dyt iscus submarginalis Stephens 1828:90 (Type locatity 
St'takentnear Bondon, England") Lectotype male, selected 
here, in BMNH, labelled as follows: "LECTOTYPE; SYNTYPE; 
LECTOTYPE, Dytiscus submarginalis Stephens, selected 
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Dytiscus circumductus Serville 1830:90 (Type locality — 
near Paris, France. Type not seen). Zimmermann 1920:251. 

Dytiscus marginalis form semicostata Reineck 1921:117 
(Type locality — "...in Kurland in der Misse-Niederung." 
Type not seen.). —Guignot 1933:715. —Zimmermann and 
Gschwendtner 1938:47. —Guignot 1947a:243. —F. Balfour-Browne 
1950:240. —Zaitsev 1953:327. 

Diagnostic combination. -— The yellow pterothoracic 
sterna and western Palearctic distribution, in combination 
with the diagnostic combination of the species, are 
sufficient to identify adult members of D. marginalis 
marginalis. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 3E; coloration of pterothoracic and abdominal 
sterna in Fig. 10C; median lobe of male in Fig. 17C; and 
metacoxal processes in Fig. 22A. 

Variation. — As noted above, form of the median lobe of 
adult males varies only slightly between subspecies, and 
variation within subspecies is even less. Other aspects of 
variation include pronotal width, coloration of 
pterothoracic sterna, and suclate or non-sulcate elytra of 
females. 

Males and females from higher elevations in the 
Pyrenees and Cantabrian Mountains have the pronota narrower 


than the base of the elytra. In lowland specimens, pronota 
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are distinctly broader than elytral bases. The latter is 
true for lowland specimens from central Spain, and I have 
therefore not treated this form as subspecifically distinct. 
It is more likely that the change in pronotal form is due to 
dietary and thermal effects of cold, oligotrophic alpine 
lakes and ponds. 

Sharp (1882) discussed a specimen, which I have seen, 
of D. marginalis marginalis with expanded dark fasciae on 
the abdominal sterna. This specimen is a male and the median 
lobe is protruding, but the apex is damaged. After detailed 
comparison of this specimen with specimens of other 
Palearctic species, I judge the specimen to belong to 
D. persicus, even though labelled as coming from Europe. 
Others (e.g., Zaitsev 1953) have mentioned increased 
infuscation of the abdominal sterna. In all specimens that I 
have seen there is virtually no infuscation of the abdominal 
venter except for very narrow infuscation along abdominal 
sutures ventrally (Fig.10C). Thus, adults of this subspecies 
are best separated from members of D. marginalis czerskii on 
the basis of lack of appreciable pterothoracic infuscation 
and distribution. See also notes under variation of 
D. marginalis czerskil. 

Females of D. marginalis marginalis with non-sulcate 
elytra appear sporadically throughout the entire range of 
this taxon. There may be geographic patterns to the 
frequency of occurrence of the two female forms. For 


instance, F. Balfour-Browne (1950) states that the 
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non-sulcate form is quite rare in Britain, or at least has 
been since 1828. Guignot (1933) states that the non-sulcate 
form occurs throughout France but is more common in central 
and western France. The non-sulcate form occurs throughout 
Italy, but Franciscolo (1979) noted a trend for it to become 
Slightly more common in the south. For central Europe, 
Schaeflein (1971) characterizes the grooved female as most 
common, but that at certain localities in the northern and 
northeastern regions, the smooth form is more numerous than 
the grooved form. Guignot (1933) mentions that the smooth 
form is more common in the southern USSR, while Zaitsev 
(1953) apparently extends this to all of the USSR. 

Natural history. — The natural history of adult and 
larval stages of this subspecies have been intensively 
Studied for many years in Europe. Many of the publications 
are cited by Zimmermann (1920:251), and are discussed and 
augmented in the treatment edited by Korschelt (1923, 1924). 

Distribution (map, Fig. 27A). — This subspecies is 
widespread in the western and central parts of the 
Palearctic region. 

Material examined. — A total of 1382 adult specimens 
were examined, of which 619 were males, 762 were females, 


and sex of one specimen was not determined. 


Dytiscus marginalis czerskii Zaitsev 1953, NEW STATUS 
Dytiscus marginalis, auctorum; Sharp 1874:417. —Sharp 


1882:641 (ex parte). —Brinck 1946:146. —Guignot 1947a:244 
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(ex parte). 
Dytiscus czerskii Zaitsev 1953:328. NEW SYNONYMY. 
(Type locality — not specified, but localities listed all 


in Primorskij Kraj (Maritime Territory), USSR.). 


Derivation of subspecific epithet. — Named in honour of 
A.I. Cherskii, who collected the type Specimen. 

Notes about type material. — I have not seen Zaitsev's 
By peuoLethisltaxon® whichplaccordingltotthistpretadelsis 
deposited in the Zoological Institute of the Academy of 
Sciences of the USSR in Leningrad. I have, however, seen 
Specimens authenticated by Zaitsev. 

Diagnostic combination. — The infuscate pterothoracic 
sterna and eastern Palearctic distribution, in combination 
with the diagnostic combination of the species, are 
sufficient to identify adult members of D. marginalis 
czerskil. | 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is not 
shown; coloration of pterothoracic and abdominal sterna in 
Fig. S0Dsrmedian™lobetof’ male in) Fig.717D; @andometacoxal 
processes in Fig. 22B. 

Variation. — I have seen too few specimens of this 
Eaxonsto assess patterns of variation. Zaitsev (1953) writes 


that the ventral colour of D. czerskii 1s similar to that of 
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D. marginalis. All specimens of D. marginalis czerskii that 
I have seen have a much geater development of infuscation on 
the venter than is typical of more western populations of 

D. marginalis. All specimens have sternum VI broadly 
infuscate, and most specimens have a broad infuscate band on 
sternum II. 

As noted under the section concerning variation in 
D. marginalis marginalis, Zaitsev implies that the 
non-sulcate form is the most common in the USSR. This is in 
marked contrast to the condition of female D. marginalis 
czerskii. Zaitsev (1953) states that all 16 females which he 
had seen were sulcate. I have seen an additional 8 female 
specimens, all of which have sulcate elytra. 

Taxonomic notes. — The slight character differences 
mentioned by Zaitsev (1953) between D. marginalis and 
D. czerskii are insufficient in themselves to warrant 
species-level status. This is true also of differences in 
form of the median lobe, and I have therefore used 
Subspecific rank for these two forms. 

Natural history. — Nothing has been published about 
natural history of this subspecies. 

Distribution (map, Fig. 27A). — This subspecies is 
found in the Amur and Maritime regions of the USSR, and on 
Japan, and is to be expected in the northeastern regions of 
China. 

Material examined. — A total of 20 adult specimens were 


examined, of which six are males and 14 are females. 
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3.20 Dytiscus persicus Wehncke, 1876 
Dytiscus persicus Wehncke 1876:52 (Type area — 


"Persien". Holotype female in Wehncke collection, MNHN, 
labelled as follows: "Persia, settente., 1862-63, Coll. 
G. Doria; typ; Persia; HOLOTYPE, Dytiscus persicus Wehncke, 
examined R.E. Roughley."). —Zimmermann 1920:235. —Zimmermann 
and Gschwendtner 1938:46. —Zaitsev 1953:327. 

Dytiscus marginalis; Sharp 1882:641 (ex parte). 


Misidentification. 


Derivation of specific epithet. — Named for "Persia", 
Wehncke's type area. 

Notes about type material. — Wehncke's description 
indicates that he had seen only one non-Sulcate female of 
this species from the Dohrn collection. The holotype was 
placed beside a large label reading "persicus mihi" in 
Wehncke's handwriting. The BMNH contains two other 
non-Sulcate female specimens labelled: "Co-type; Persia, 
Seveente..,. 1862-65. coll. G. Doriay (Sharp coll... 1905-313 
[label inverted]; IsSpahan. Persia. J. Doria 1862-3, 
persicus", the bottom label in David Sharp's handwriting. 
These BMNH specimens cannot be considered part of the type 
series of D. persicus because, based on Wehncke's original 
description, they were not seen by him, even though they are 
part of the same series of specimens. Sharp may have 
obtained the specimens from Doria. Sharp (1882) states that 


these specimens may be from Isfahan (=Esfahan), Iran, but 
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does not mention the source of this information. 

Diagnostic combination. — This is the only western 
Palearctic species other than D. pisanus, D. circumcinctus 
and D. lapponicus of which adults have transverse black 
fasciae on the abdominal venter. The latter two have longer 
metacoxal processes, while D. persicus and D. pisanus have 
quite separate ranges. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is not 
shown; coloration of pterothoracic and abdominal sterna in 
Fig. 11A; median lobe of male in Fig. 18A; and metacoxal 
processes in Fig. 22C. 

Taxonomic notes. — See notes provided under 
D. marginalis. 

Variation. — I have seen only 19 specimens assignable 
to this name, and have therefore little information about 


variation. Of the ten females seen, four have sulcate 


elytra. 
Natural history. — Unknown. 
Distribution (map, Fig. 27B). — Zaitsev (1953:328) 


records this species from Iran, northeastern Turkey and from 
the southern coast of Crimea, Dagestan and Transcaucasia in 
the USSR. I have assigned a specimen from Narin, Afghanistan 
to this species. 

Chorological relationships. — I have seen few specific 


locality records for any species from the range of 


Toi temagtat gids ke wpavee od?) 7 
nuasteow vine ad3\ai aidt ~ (feb ten\ ae 391 
autodiomuctis: £0) cent MO wets wertzo anion 
dvaid se tevenerd ovitd esi u6s Aside’ 30 & 
seonol avad wea, wet ait: Jaina Lanimobde elt 
Subd aumeeta 09 bins icicle A ofartv sosnezerg I 
| a 29VhST 
enemi vege avctseatgaepges fic ada watt 59M yes | 
instiogmr yifeosmecowsd, Yo gede78 .5 side? ob ms 


gi vodd to weav fse ro: .E otdert nk nevip si6 eFs: 
fn. ee@vete Lenimosgds. brs of deed #9 nota? 
‘oxoosgisn bas: =ABI .pit, nai gia Fo edoxt “pe bbe 1 


QE pit mre ; 


i9db0u fHahive yd) Segoe @ef ~- .eeTon prem , 


= 


; , : ' 7 \ 
: vLa 

2idgipbers aneniosges BI sgios feet eved I~. 

tyods agitamieint’ i gehl siete tends aved endl weit 


sienlua evad teh ,wese eefens) pe re 10 


atwortal = amoteltk 

(ANere8er) -vercket ~ .(ett: Jet ,qem) coun 

mora ote. yataut: nes seed tion ,88%1. m0T2 set sage: 
Bit siassuezam2T bas nacevest: ,oamirs ‘Ia, tesoo 4 
poeiniahain dain mo21 Gs@iozeq@e s canataee “—s rar 
sidivege ws? ssex evad 1 - ae eh eon 


pO nan 282 mor eaionge yn Ree ial 
r Pit. ; 


“a - 1 # . 


124 


D. persicus, and cannot make a confident statement of 
co-occurence with other taxa. However, it may be sympatric 
with D. semisulcatus, D. dimidiatus, D. marginalis, 

D. circumf lexus and D. thianshanicus. 

Phylogenetic relationships. — Adult members of this 
species show characteristics indicating that D. persicus is 
related to D. marginalis and D. delictus. 

Material examined. — A total of 19 adult Specimens were 


examined, of which nine are males and 10 are females. 
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3.21 Dytiscus delictus (Zaitzev, 1905) 
Macrodytes delictus Zaitzev 1905:28 (Type locality — 
Charbarovsk, Chabarovsk Kraj, RSFSR, USSR. Type not seen). 
Dytiscus delictus; —Zimmermann 1920:247. —Zimmermann 


and Gschwendtner 1938:43. —Zaitsev 1953:326. 


Derivation of specific epithet. — Not stated by 
Zaitzev. The latin word delictus means "faulted" or 
"failed", but the significance of this epithet is not 
apparent. 

Notes about type material. — I have not seen type 
Specimens of this species, but have seen specimens 
authenticated by P. Zaitzev. 

Diagnostic combination. -— Eastern Palearctic 
distribution, acute metacoxal lobes, and fasciate abdominal 
sterna distinguish adults of this taxon from those of other 
species of Dytiscus. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 4A; coloration of pterothoracic and abdominal 
sterna in Fig. 11B; median lobe of male in Fig. 18B; and 
metacoxal processes in Fig. 22D. 

Variation. — I have seen too few specimens to assess 
patterns of variation. 


Natural history. — Unknown. 
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Taxonomic notes. — Zaitzev (1905) accepted Macrodytes 
as a distinct genus, and assigned his species, delictus, to 
ign 

Distribution (map, Fig. 27C). — 1 have seen specimens 
from Chabarovsk Kraj, Primorskij Kraj, and Sachalin Oblast 
of the eastern USSR. Zaitsev (1953) reports specimens from 
the same general area. This species may also occur in 
northeastern China and Japan. 

Chorological relationships. — D. delictus is sympatric 
with D. sharpi, D. marginalis czerskii, D. dauricus, 

Dr -circuncinctus; and<Di~ latro. 

Phylogenetic relationships. — This species represents 
the eastern vicar of D. persicus. 

Material examined. — A total of 20 adult specimens were 


examined, of which nine are males and 11 are females. 
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3.22 Dytiscus latissimus Linnaeus, 1758 

Dytiscus latissimus Linnaeus 1758:411 (Type area — 
"Europae". Type not seen.). —Zimmermann 1920:242. —Guignot 
1933:730. —Houlbert 1934:132. —Zimmermann and Gschwendtner 
1938:35. —Guignot 1947a:247. -—Zaitsev 1953:321. -—Schaeflein 
1971386. —Franciscolo 1979:671. 

Dytiscus amplissimus Muller 1776:69 (Type area — not 
Stated, presumably Denmark). —Zimmermann 1920:243. 

Dytiscus anastomozans Well 1781:386 (Type locality — 


not known to me. Type not seen.). —Zimmermann 1920:244. 


Derivation of specific epithet. — This name is derived 
from the superlative form of Latin JatusS, meaning "broad" or 
"wide". It is an apt name for this taxon because of the 
great width of the body of adults. 

Diagnostic combination. — The great width of the body 
and widening of the elytral epipleura are sufficient to 
distinguish adults of this taxon. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 4B; coloration of pterothoracic and abdominal 
sterna in Fig. 11C; median lobe of male in Fig. 18C; and 
metacoxal processes in Fig. 22E. 

Taxonomic notes. — Most recent European workers have 
arranged the species of Dytiscus in two subgenera: the 


nominate subgenus, and subgenus Macrodytes Thomson. Members 
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of D. latissimus have traditionally been placed in subgenus 
Dytiscus. The generitype of Dytiscus, however, is 

D. marginalis, and the group of species generally treated as 
belonging to Macrodytes should in fact be assigned to 
subgenus Dytiscus. Despite such nomenclatorial problems, it 
is clear that the intention of earlier authors was to 
isolate D. Jatissimus in a separate subgenus because of its 
distinctiveness I do not believe that any subgeneric 
distinction is necessary within Dytiscus, and based on 
phylogenetic analysis it is not warranted for members of 

D. latissimus. For further discussion of this nomenclatoral 
confusion, see the generic treatment. 

Variation. — Non-sulcate females of D. Jatissimus are 
not known. This is unique among Palearctic taxa of Dytiscus 
except possibly for D. marginalis czerskii. However, only a 
few specimens of the latter taxon are known. Such a uniform 
condition of sulcate females suggests that females are under 
strong selective pressure for grooved elytra. Study of the 
behavioural function, and hydrodynamic importance of sulci 
in this species may provide the key to understanding 
evolution of grooved elytra among members of Dytiscus. 

Natural history. — Guignot (1933), Zaitsev (1953), and 
other European authors characterize the habitat of this 
species as large bodies of water; that is, large ponds and 
lakes, although I am not sure whether or not this species 
occurs in open water within this habitat. Many specimens 


have been recorded as being collected in fish weirs. 
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Distribution (map, Fig. 27D). — Occurs throughout the 
northern portions of the Palearctic realm, except Great 
Britain. The southernmost record is from Yugoslavia, 
probably associated with long range dispersal (Apfelbeck 
1904:308). 

Chorological relationships. — I have few records from 
the far eastern Palearctic Region, and it is therefore 
difficut to assess areas of Sympatry with such species as 
D. sharpi, D. delictus, D. marginalis czerskii, 

D. thianshanicus, D. latro and D. sinensis. The known range 
of D. Jatissimus indicates sympatry with D. semisulcatus, 
dimidiatus, D. pisanus, D. marginalis marginalis, 
circumcinctus, D. dauricus, D. lapponicus and 


circumflexus. It is not sympatric with D. mutinensis and 


So © © & 


persicus. 

Phylogenetic relationships. — Members of D. Jatissimus 
have the metacoxal processes acuminate, but less so than 
more advanced members of the genus such as D. Japponicus, 

D. circumflexus, etc. However, the median lobe is without an 
apical knob, which I interpret as a secondary loss, which 
has also occurred in D. alaskanus. I have placed 

D. Jatissimus as the most plesiotypic to those taxa which 
have acuminate metacoxal lobes. 

Material examined. — A total of 428 specimens were 


examined, of which 208 are males and 220 are females. 
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3.23 Dytiscus circumcinctus Ahrens, 1811 

Dytiscus circumcinctus Ahrens 1811:67 (Type 
locality—not known to me. Type not seen.). —Zimmermann 
1920:244, —Hatch 19293227. —Guignot 1933:720. —Houlbert 
1934:134, —Zimmermann and Gschwendtner 1938:54. —Guignot 
1947a:244, -F. Balfour-Browne 1950:275. -—LaRivers 1951:404. 
-F. Balfour-Browne 1953:27. —Hatch 19533238. —Zaitsev 
1953:331. —Gordon and Post 1965:25. —Galewski 1971a:88. 
—Schaeflein 1971:88. —Larson 1975:401. -Franciscolo 
2979: 668. 

Dytiscus circumcinctus Hummel 1823:17 (Type area — 
"Livonie". Type not seen.). —Zimmermann 1920:245. 

Dytiscus flavocinctus var. flavocinctus Hummel 1823. 
—Zimmermann 1920:245. —Guignot 1933:720. —Zimmermann and 
Gschwendtner 1938:54. —Guignot 1947a:244. -F. Balfour-Browne 
195022797 { s=Zai tsevon9ss43 3aaeSScohaef leinw1971288:; 
—Franciscolo 1979:669. 

Dytiscus dubius Gyllenhal 1827:372 (Type locality — not 
Stated. Type not seen.). —Zimmermann 1920:245. 

Dytiscus angustatus Stephens 1828:88 (Type locality — 
"Bomere, Salop.",England. Lectotype male selected here from 
Stephens collection, BMNH, and labelled as follows: 
LECTOTYPE; SYNTYPE; LECTOTYPE, Dytiscus angustatus 
Stephens selected R.E.Roughley). —Zimmermann 1920:245. 

Dytiscus ooligbuckii Kirby 1837:74 (Type locality — 
MGreatiBear Lake River”; NoW.T., Canada. Type — see Larson 


1975:401.). —Zimmermann 1920:247. 
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Dytiscus circumscriptuS Boisduval and Lacordaire 
1835:300 (Type locality — near Paris, France. Type not 
seen.). Zimmermann 1920:245. —Houlbert 1934:134. 

Dytiscus anxiuS Mannerheim 1843:218 (Type locality — 
"Sitkha", Alaska. Type not seen.). —Zimmermann 1920:244. 

—F. Balfour-Browne 1950:277. —Leech and Chandler 1956:323. 
—Wallis and Larson 1973:110. —Larson 1975:401. 

Dytiscus confusuS Motschulsky 1860:101 (Type area — 
",..dans toute la Sibérie orientale, jusqu'au Kamtschatka, 
et a eté rapporté du fl. Amour..." Syntype male in MNHM 
labelled: SYNTYPE; Dytiscus confusus Mots., Dauria, 
[illegible], 52° [or 62°] [yellow circular label]; 1; 
Dytiscus [male symbol] confusus Motsch, Dauri; Museum Paris, 
coll de Marseul 1890; SYNTYPE, Dytiscus confusus Motschulsky 
1860, examined R.E. Roughley). —Zimmermann 1920:245. 

Dytiscus albionicus, auctorum, nec Motschulsky 
1859:166. Misidentification of D. marginicollis, quod vide. 

Dytiscus dauricus, auctorum, nec Gebler1832:39. 
Misidentification. —Zimmermann and Gschwendtner 1938: 55 (ex 


parte). —Anderson 1962: 73. 


Derivation of specific epithet. -This epithet is formed 
from the Latin words circum meaning around or on all sides, 
and cinctum, girdle or belt (Brown 1956). The name possibly 


refers to the yellow band around the dorsal edge of the eye 


6fsadults. 
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Notes about type materia]. — F. Balfour-Browne (1950) 
discusses many of the taxonomic problems associated with 
this species. Larson (1975) provides details about the type 
of D. ooligbuckii. I examined Kirby's type series of 
D. angustatus within the Stephens collection, BMNH. A 
lectotype is designated above, but because of the short pins 
used for Stephens' specimens, these are pinned beside the 
lectotype. In addition, there is a sulcate female specimen 
which iS a syntype. 

As noted above, I have seen a male syntype of 
D. confusus Motschulsky. My reasons for considering this 
specimen to be a part of the type series are: 1) the label 
on the box in de Marseul's collection as discussed under the 
treatment of D. dauricus; 2) the name D. confusus is on this 
list; 3) one of the labels ("Dytiscus [male symbol] confusus 
Motsch., Daur.") appears to be in Motschulsky's handwriting, 
by comparison with handwriting samples shown in Horn and 
Kahle (1935-37, Plate XVI)» Fig. -23,-and Plate XXI, Fig. 33); 
and 4) Motschulsky, in his discussion of this species, 
implies that he had seen a number of specimens from diverse 
localities. I have not designated this syntype as lectotype 
because it is in quite poor condition, lacking its head, and 
having only the right foreleg complete. 

Diagnostic combination. —Adults possess the following 
combination of character states: pronotum margined with 
yellow on all sides, acuminate metacoxal processes, 


predominantly yellow pterothoracic sterna, and eyes dorsally 
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Surrounded by narrow yellow band. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 4C; coloration of pterothoracic and abdominal 
sterna in Fig. 11D; median lobe of male in Figs. 18D and 
19A; and metacoxal processes in Fig. 22F. 

Taxonomic notes. —Many names have been proposed for 
this species, presumably because it is very widespread and 
does exhibit a certain amount of colour and structural 
variation. Samples from particular localities are generally 
uniform in colour and size and if compared with samples from 
adjacent localities, then assignment is uSually not 
difficult. Taxonomic problems arise when comparing specimens 
from widely separated localities. In the latter example I 
have consistently referred to shape of the median lobe for 
evidence on which to make taxonomic judgments. Median lobes 
shown in Figs. 18D and 19A are typical of the variation in 
form of the median lobe yet the specimens are from 
localities (Edmonton, Alberta, Canada and Berlin, West 
Germany) from more than half of the Holarctic Region apart. 
The form of the median lobes of these specimens is very 
Similar and therefore I have assigned them both to the same 
taxon sictmother factor whichsHastled to a proliferation of 
names is the occurrence of both sulcate and non-sulcate 
females in most populations of D. circumcinctus. Most early 


workers considered the two forms to be representative of 
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separate taxa (see Blunck 1913 for discussion). 

Variation. — As noted above there is very little 
variation in form of the median lobe of male specimens from 
throughout the entire, Holarctic range of D. cCircumcinctus. 
One of the major features of variation in the median lobe of 
adult males is positive correlation between size of 
specimens and length of the median lobe. Increased or 
Shortened length of the median lobe does not significantly 
affect shape of the apical portion of the median lobe. 

Colour of pterothoracic sterna of adults is 
predominantly yellow in all specimens seen. Some specimens 
become discolored by breakdown of fat body and other viscera 
but without exception these conform to the generalized 
pattern once thoroughly cleaned. 

The majority of specimens of D. circumcinctus which I 
have seen from the Nearctic region are from western Canada 
and adjacent areas. Within these areas, there 1s some 
Suggestion of a geographic pattern to relative frequency of 
elytral sulcation of females. For instance, of 309 females 
from Alberta, Manitoba, Northwest and Yukon Territories, 
Saskatchewan, and North Dakota, only 33 or 11% are sulcate. 
The number of specimens from other areas is much smaller, 
but of 28 females from Alaska, British Columbia, and 
Washington, o2290rN79% ane sulcate. 

Guignot (1933:722) and F. Balfour-Browne (1950:277) 
state that specimens of D. circumcintus are rarely collected 


in France and Great Britain respectively. Of those adult 
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females collected, they mention that sulcate specimens are 
scarce. Guignot writes that sulcate specimens are more 
common in Sweden. Available information supports his claim: 
of 73 females from Sweden, 64 or 88% are sulcate, and of 87 
females from Finland, 65 or 75% are sulcate. In these areas, 
D. circumcinctus is more commonly collected than it is in 
France and Great Britain. Interestingly, Zaitsev (1953:354) 
states that sulcate and non-sulcate females occur in about 
equal abundance in the U.S.S.R., but does not mention 
whether he noted a regional disparity in dimorphism. He also 
records it as the commonest species of Dytiscus in the 
BASES oR. 

In summary, within the western portions of the 
Palearctic region, specimens of D. circumcinctus are more 
scarce southward, but of these, non-Sulcate females make up 
a greater proportion. Within North America, there is a 
Similar trend in abundance, but most records of non-sulcate 
females are from east of the Rocky Mountains, with sulcate 
females predominating to the west. These trends are only 
preliminary, but suggest differences in dispersal rates and 
sources of fauna (@€.g. western Nearctic populations may be 
derived from Russian fauna Via Beringea), or of 
physiological-genetic properties of non-sulcate females, or 
a combination of both features. Further information and 


investigation is warranted to achieve further understanding 


of the pattern. 
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Natural History — Most of the comments presented below 
refer to my own collecting experiences in western Canada, 
label information from specimens examined, and some 
literature references. As more detailed collecting notes, 
natural history studies, larval taxonomy and similar types 
of information become available, they will provide an 
interesting and informative comparison against, in 
particular, the seeming structural uniformity of adult 
D. circumcintus throughout its range. 

Larson (1975:402) noted the broad range of habitats in 
which he had collected adults of D. circumcinctus within 
Alberta. My own collecting experience suggests that this 
observation is true for most of western Canada, and can 
extend Larson's range to highly alkaline or saline habitats. 
Galewski (1971b) similarly recorded a wide ecological 
valence for this species in Poland. However, Guignot 
(1933:722) implies that in France D. circumcinctus is 
restricted to cold clear aquatic habitats, and 
F. Balfour-Browne (1950:278) records it primarily as a 
locally distributed inhabitant of fens in Britain. A wide 
habitat range would provide an adaptive advantage for this 
species, and presumably forms part of the reason for its 
Holarctic distribution pattern. Nevertheless, in certain 
areas, such as France and Great Britain, its habitat 
diversity may be curtailed by any number of features (é.g. 


local competition). 
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Galewski (1964) records a specimen of D. circumcinctus 
being taken from forest litter in Poland during winter. An 
adult male that I collected in Edmonton, Alberta on 23.v.79 
was found under a log on the south shore of the North 
Saskatchewan River ravine. Each year, this north-facing 
slope near the river is one of the last areas to lose snow 
cover, and temperatures are kept low because of the nearby 
ice on the river. I therefore suspect that this specimen 
overwintered at that particular site. Larson (1975:402) 
reported taking specimens through the ice in February. Thus, 
these few preliminary data suggest that adult specimens of 
D. circumcinctusS may overwinter either on land or in water. 

Galewski (1971b) discusses early season occurrence of 
this species in temporary pools where it feeds extensively 
before moving on to more permanent habitats for 
reproduction. Available flight records (Table 5 and Larson 
1975) suggest one peak of dispersal in April and May and 
another in September and October. The majority of teneral 
Specimens seen by Larson (1975) were from July, and in 
Table 4 there is one each for May, June, August and 
September. This variation may well indicate local 
topographic differences in habitats, such as availability of 
prey, water temperatures, etc. 

Distribution. (maps, Figs. 27E and 27F) — This species 
is widespread within the Holarctic Region. In North America 
it is transcontinental, with records from Maine to Alaska. 


It occurs as far south as North Carolina, and I have taken 
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it at tree-line in Canada's Yukon Territory. In the 
Palearctic region it ranges from Norway and Great Britain 
south to Italy (Franciscolo 1979:69) and Bulgaria 
(Guéorguiev 1958) and westward throughout the region. I have 
been unable to find records for Spain excluding the 
Pyrenees. It 1S apparently less commonly collected in the 
southern portions of its range. 

Chorological relationships. — In some parts of its 
range, D. circumcinctus is sympatric with every other 
species of Dytiscus except D. habilis in the Nearctic 
Region, and, in the Paleartic, D. sinensis. 

Phylogenetic relationships. — Adults of 
D. circumcinctusS possess acuminate metacoxal processes and 
therefore belong to one of the more advanced grades within 
Dytiscus. The median lobe has an apical knob which has 
well-developed sensory pores, but the median lobe is not 
Sinuate laterally. These synapotypic character states define 
the relative position of D. circumcinctus adequately, but 
the exact sister group relationship of the species is more 
problematic. The only character I could find to separate the 
more advanced members of this clade from D. circumcinctus is 
the relatively abrupt bend in the lateral ridge of the 
median lobe of advanced members, compared to the evenly 
curved lateral ridge of the same structure in members of 
D. circumcinctus. I believe this to be a relatively weak 
character, and thus the hypothesized sister group 


relationship may change as new characters are found and 
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incorporated into the analysis. Members of D. Jatissimus, 

D. alaskanus and D. circumcinctuS are very difficult to 

place in the cladogram. The two former species have probably 

lost the apical knob of the median lobe secondarily. 
Material examined. — A total of 1470 specimens of 

D. circumcintus were examined: 283 males and 337 females 

from the Palearctic realm, and 351 males, 381 females and 18 


specimens of undetermined sex from the Nearctic realm. 
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3.24 Dytiscus alaskanus J. Balfour-Browne, 1944 

Dytiscus parvulus Motschulsky 1852:77 (Lectotype male 
designated here, in UMHF, labelled as follows: LECTOTYPE; 
SYNTYPE; Kadjak; Holmberg; Dytiscus parvulus, Ménétr., 
Kadjak; LECTOTYPE, Dytiscus parvulus Motschulsky 1852, 
designated R.E. Roughley; Dytiscus alaskanus J. B.-B. 
det. R.E. Roughley 1982) nec Muller 1776:73. —Zimmermann 
1920:253. —Hatch 1929:227. —Brown 1930:237. —Wallis and 
Larson 1973:110. —Larson 1975:404. 

Dytiscus alaskanus J. Balfour-Browne 1944:356. —Larson 
19753404. 

Dytiscus ooligbuckii, J. Balfour-Browne 1949:1961. 
—Gordon and Post 1965:25. 

Dytiscus oolibuckii, Hatch 1953:238. 

Dytiscus ooligbukii, Anderson 1962:73 nec Kirby 
1837:74. —Larson 1975:;404. 

Dytiscus ooligubuckii, Kirby 1837:74. Misidentification 


of D. circumcinctus, quod vide. 


Derivation of specific epithet. — The name of this 
taxon was proposed in honour of the State of Alaska, U.S.A., 
where it is abundant, and which contains the type locality 
of D. parvulus, for which alaskanus is a replacement name. 

Notes about type material. — The type series of 
D. alaskanus in UMHF consists of six specimens: five males 
and one female. The female is non-Sulcate. The type 


locality, Kodiak Island, is the western-most record I have 
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for this species. All specimens have at least sterna II, III 
and VI with transverse dark fascia, and most, including the 
lectotype, have narrow markings on sterna IV and V. 

Diagnostic combination. — Adults of D. alaskanus are 
known only from the Nearctic region. Only three species 
within the Nearctic region have acuminate metacoxal 
processes: D. circumcinctus, D. alaskanus and D. dauricus. 
Specimens of D. alaskanus with a predominantly yellow venter 
are most easily separated from D. circumcinctus by absence 
of a yellow ring around the eye dorsally, by the fusion of 
inter-Sulcal ridges apically on sulcate females (compare 
Figs. 4C and 5A). Specimens of D. alaskanus with fasciate 
abdominal sterna are most similar to specimens of 
D. dauricus, and are best separated by the characters 
presented in the key. 

Description. — Measurements of representative specimens 
are given in Table 2. States of taxonomically important 
characters are given in Table 3. Dorsal view of body is 
shown in Fig. 5A; coloration of pterothoracic and abdominal 
sterna in Fig. 12A; median lobe of male in Fig. 19B; and 
metacoxal processes in Fig. 22G. 

Taxonomic notes. — Larson (1975:404) provides a 
detailed history of the long, confused history of the 
nomenclature of this taxon. 

Variation. — Larson (1975:404) provides notes about 
variation of this taxon within the province of Alberta, and 


therefore I confine this discussion to other geographic 
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areas and to variation of some taxonomically important 
characters. Further discussion is provided in the treatment 
of D. dauricus. 

Colour of pterothoracic sterna varies geographically. 
Most specimens of D. alaskanus observed from British 
Columbia, Newfoundland, Northwest and Yukon Territories have 
completely yellow venters, whereas the majority of specimens 
from intervening localities have at least some degree of 
infuscation. The median lobe of males of all these specimens 
is Similar to that shown in Fig. 19b. 

Larson (1975:404) mentions only one Alberta locality, 
near the Northwest Territories border, for non-sulcate 
females, and in excess of 99% of our combined samples are 
Sulcate. Throughout most of its range, females of 
D. alaskanus are consistently sulcate, and where non-sulcate 
females do occur, they make up only a very small proportion 
of the total. The areas for which I have seen non-sulcate 
females, and the percentage of the total number of females 
seen from that geographic area (localities for non-sulcate 
females in parentheses) are as follows: British Columbia — 5 
of 56 or 9% (Kamloops area, Summit Lake, and Mile 627 on 
Alaska Highway); Manitoba — 3 of 13, or 23% (The Pas); 
Saskatchewanest 1vofT6;cores%i (Saskatoon); rOntarian=i1 of 11, 
or 9% (Toronto): Colorado — 5 of 20, or 25% (Breckenridge 
and Science Lodge W., both in Summit Co.); Northwest 
Territorhestsv4sohriSNgorh27helFts Smethg rRerndeer sDepoby 


and Simpson Islands in Great Slave Lake); Alaska and Yukon 
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Territory — 12 of 34, or 35% (Ft. Yukon, Kodiak and 
Fairbanks; Mile 629 and 681 on Alaska Hwy., Chappie Lake, 
Von Wilczek Lake, Watson Lake, and Whitehorse). As suggested 
by Larson (1975), this elytral form is more common in the 
northwestern postion of the range of D. alaskanus. It is 
interesting, but as yet unexplained, that the co-occurring 
D. circumcinctus shows the reverse pattern over much of the 
Same area (/.@, non-sulcate form predominant). Low level 
occurrence of non-Sulcate females in other widely separated 
areas such as Ontario and Colorado is perhaps associated 
with dispersal, but possibly also independent loss of 
Ssulcation within these areas. None of the non-sulcate 
females is provided with label data giving precise habitat, 
and therefore the possibility of an ecophenotypic response 
cannot be ruled out. 

Natural history. — Members of D. alaskanus are 
collected in very large numbers at various localities in 
western Canada. Many bottle traps left in George Lake, near 
Busby, Alberta, for two days yield 10 to 15 specimens per 
bottle, and have taken up to 35 specimens. Most localities 
where net-collecting has yielded only one or two specimens 
have produced many times this number when bottle traps were 
used subsequently. This confirms the observation made by 
Larson (1975) that adults are often numerically abundant at 
particular localities. 

In northwestern North America, members of D. alaskanus 


have been collected from permanent ponds and lakes in 
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prairie, aspen parkland and boreal forest. Specimens of 

D. alaskanus overwinter in bodies of water such as George 
Lake and are active quite early in the spring, often before 
the ice is off the lake. I have observed copulating pairs 
from mid-April to early June at this locality. Favoured 
Oviposition sites are plants such as Scirpus and Typha. Held 
in captivity for a week to ten days, with a single plant 
available for oviposition, two or three females reduce a 
plant to shreds by constant slitting of the leaves and stem 
with the ovipositor. During this time, individual females 
lay up to 40 eggs within the plant tissue. It is not known 
whether females lay a similar number of eggs under field 
conditions, but the above number may be conservative, 
because availability and quality of oviposition sites, as 
well as quality of food is greater in the field than it is 
possible to provide in the laboratory. 

Larval development in natural conditions is probably 
dependent on amount and type of food available, and on water 
temperature. For instance, most teneral specimens were 
collected in August, but in seasonally more advanced and 
warmer areas such as Kamloops, British Columbia, teneral 
specimens were collected in late June (Table 4). Larson 
(1975) records a teneral specimen as late as mid-October. 

Some dispersal occurs in spring (Table 5) and perhaps 
again in autumn. It is interesting that the number of flight 
records is so low, given local abundance of this species 


throughout its range. 
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Distribution (map, Fig. 28A). — This species is 
transcontinental in North America with records from 
Newfoundland to Alaska. The southern limit of D. alaskanus 
is represented by an isolated population in south-central 
Wyoming and adjacent areas of Colorado. Most records are 
from south of tree-line, but some scattered records indicate 
possible extension onto tundra habitats. 

Chorological relationships. — The range of D. alaskanus 
overlaps that of every other Nearctic species except 
D. habilis and D. carolinus. 

Phylogenetic relationships. — As with D. latissimus, 
placement of D. alaskanus in the phylogenetic analysis is 
considered provisional because, in dorsal view, the median 
lobe of males of both species lack a distinct apical knob. 
In males of D. alaskanus, however, the knob is visible in 
ventral view, and therefore is most likely an example of 
reduction from the well differentiated state, unlike the 
condition found in D. Jatissimus. Members of D. alaskanus 
and D. dauricusS may represent a sister pair of species, but 
I have been unable to find a synapotypic character state 
linking them. 

The more advanced members of Dytiscus, as shown in the 
cladogram, are united by having the median lobe of males 
Sinuate laterally. This is a condition absent from 
D. alaskanus. The lack of an apical knob in dorsal view and 
the absence of lateral sinuation of the median lobe could be 


part of the same evolutionary step. A shortening of the 


as sei nage: etat = ~(AGs oie a6) ‘. 
mori ebsogaa dtiv soi 39m dz20H ni £ 


autskas|s .0 to. SimED needtuod. od? vedanta: as) 
[sxuztneo~atgoe. me latte batelon: MS yd | : 
e370 #hsoust ta0M oBp2gf62 19, a6078 snsesthe 5a e 1 Ema 
sxentbnl abuoost ade tho2. smoe Jud ‘elskticeidiak io | 
3 +f Pee eibmgd ofne seal icy 2 
2uneresia. .¢ lo seqst efT — Sqrtenoh peter {eotgot y" 
iqsD%6 soineqge 2itetes Tetto. ¥Yaave jo -tedt. 

Bunt (oso -G bos Bh! 
piuntewl tet. .0 avi e4l— agirienatteien ai vane t| 
ai giaylets 24 7enbeel gig ong ti aunslants GQ Ie da ‘ 
naibem ed¢g ,weiv ieatob af ,;seveose- Tanotehverg 
Goa isaige tanisets 6 doal eainege dzed ia me 
a sides ai dond eda ove Qaneten ls, a aq.% 
to slomexe ae yisdll daon Pe anoleawda tigen e¥OLYs: 
ait sAtlow ,etede bodsisap eed ih ites ad. (aor. 
te ae Ne .Q to exedmem seine shia a. as bro? 
Jud eiosaqe te zieg *adeie’ os romances yen austnwisb “x 
siete sssne16d2 sign soaanye 8 brit. of sidenu need ovat 
; mods: prédntl 
ed2 fi qwote 26 aun hin io ersdmam heonavhs s10m eff.) | 
aeTem. to. adol necbhen sit opived yt baginu at8 imp tpobelo 
“nord Feeds notsibhes s at ata? ,ylievesel sxsuate | 

ine wolv Lee tob ai, dor letigqs ns to: Apel off euneles| sr. / 
ad Blues eded neibom sf? 36 portaucie feaedel to aonseds sit 
sift io pninedzoda 4 .qsJe yuendigubevs ames efa 2o.Jzaq 


ae -_ S eee 


146 


apical portion of the median lobe may have brought about 
changes in both character states simultaneously. 

Material examined. — A total of 661 adult specimens 
were examined and the label information recorded from these. 
Of these, 387 are males and 274 are females. In addition, 
long series of this species from George Lake, Alberta were 
examined but the label information not recorded. The total 


number of adult specimens examined is thus in excess of 2000 
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3.25 Dytiscus dauricus Gebler, 1832 

Dytiscus dauricus Gebler 1832:39 (Type area — "le 
district des mines de Nertschinsk, dans la Sibeérie 
orientale". Lectotype male selected here from Marseul 
collection, MNHM, labelled as follows: LECTOTYPE; SYNTYPE; 
Dytiscus Dauricus Gebler, Sib. or. 62; Dytiscus dauricus 
Gebl., Sib. or.; [indistinguishalbe mark similar to "q"]; 
Lectotype, Dytiscus dauricus Gebler selected R.E. Roughley). 
—Zimmermann 1920:247. —Hatch 1929:227. —Brown 1930:237. 
—Hatch 1933:11. —Zimmermann and Gschwendtner 1938:55. 
—Brinck 1946:154. —J. Balfour-Browne 1947:452. —Hatch 
1953:238. —Zaitsev 1953:331. —Leech and Chandler 1956:323. 
—Wallis and Larson 1973:110. —Larson 1975:402. 

Dytiscus confluens Say 1834:440 (Type area — Maine. 
Type probably lost.). 

Dytiscus franklinii Kirby 1837:77 (Type area — 
"Lat.65°", boreal North America. Type — see Larson 
1975:403.). —Zimmermann 1920:247. 

Dytiscus dauricus var. franklini, auctorum. Unjustified 
emendation of D. franklinii Kirby 1837. —Zimmermann 
1920:247. —Zimmermann and Gschwendtner 1938:55. —Zaitsev 
19533354. 

Dytiscus confluentus LeConte 1850:212. Unjustified 
emendation of D. confluens Say. 

Dytiscus ooligbuckii, sensu LeConte 1850:212 nec Kirby 


1837, quod vide. 
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Dytiscus ventralis Motschulsky 1855:79 (New species for 
D. ooligbukii, sensu Mannerheim 1852:303 nec Kirby 1837. 
Type locality — "Tschishlkath", near present day Skagway, 
Alaska. Type not seen.). —Zimmermann 1920:255. —Zaitsev 
1953:331. —Larson 1975:403. 

Dytiscus dauricus var. ventralis Motschulsky. 
—Zimmermann 1920:247. —Zimmermann and Gschwendtner 1938:55. 

Dytiscus frontalis Motschulsky 1859:489. Nomen nudum. 
J. Balfour-Browne 1946:356. 

Dytiscus frontalis Motschulsky 1860:101 (Type locality 
— "Kamtschatka", Alaska. Type not seen.) nec Marsham 1802. 
—Zimmermann 1920:248. 

Dytiscus vexatus Sharp 1882:643 (Type area — Russian 
America. Type — see Larson 1975:403). —Zimmermann 1920:255. 


Dytiscus dauricus var. obscurus Gschwendtner 1922:93 


(Type locality — "Berisovka in Transbaikalien", USSR. Type 
not seen). Zimmermann and Gschwendtner 1938:56. — Zaitsev 
495323654- 


Dytiscus amurensis J. Balfour-Browne 1944:356. New name 


for D. frontalis Motschulsky 1860 nec Marsham 1802. 


Derivation of specific epithet. — Named for 'Dauria', a 
region in eastern Asia east of Lake Baikal (now divided 
between the U.S.S.R. and China), which includes the type 
Hocadnseye 

Notes about type material. — Three sources of 


information were used as the basis for selection of the 
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above lectotype of D. dauricus. First, a male specimen of 
D. dauricus in BMNH is labelled "Siberia; Sharp coll., 
1905-313 [inverted label]; Siberia or. [inverted yellow 
label]; Dytiscus dauricus according to a type in 

de Marseul's coll." The last label is in David Sharp's 
handwriting. Second, Horn and Kahle (1935-1937) state that 
the collection of F.A. von Gebler was transferred to the 
René Oberthur collection in MNHM, as was that of 

S.A. de Marseul. Third, in de Marseul's collection is a 
box-label which reads "Communiqué a M. Sharp par M. Lewis 
le 8 1876" and in the following list is the name 

D. dauricus. From this information, I have inferred that 
this specimen is part of Gebler's material and available for 
designation as lectotype. 

Diagnostic combination. — In the Nearctic region adults 
of only D. dauricus and D. alaskanus possess acuminate 
metacoxal processes and fasciate abdominal sterna. Members 
of these two taxa are best separated by the characters 
presented in the key to adults of the Nearctic region. In 
the Palearctic region, D. dauricus occurs abundantly only 
about as far west as the Lake Baikal region, although there 
is one record for Yining; China at 81°E. This distribution, 
in combination with fasciate abdominal sterna, and acuminate 
but not spinose metacoxal processes will separate members of 
D. dauricus from other congeners in this area. 

Description. — Measurements of representative specimens 


are given in Table 2. States of taxonomically important 
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characters are given in Table 3. Dorsal view of body is 
shown in Fig. 5B; coloration of pterothoracic and abdominal 
Sterna in Fig. 12B; median lobe of male in Fig. 19C; and 
metacoxal processes in Fig. 22H. 

Taxonomic notes. — Larson (1975) discussed most of the 
taxonomic problems associated with D. dauricus. Many names 
have been proposed for this taxon, in part because in most 
collections it is represented by only a few specimens, and 
if the specimens are from widely separated geographic 
localities they may appear to represent different taxa, 
especially if characteristics of the male median lobe are 
excluded. Also, and perhaps correlated with the above, 
authors' concepts of this taxon have been poorly 
communicated over the years, and this has led to confusion 
concerning the naming of specimens. 

Variation. — As noted under the treatment of 
Measurements (see also Table 2), there is a wide range in 
total length and associated measurements of the specimens 
seen of this species. However, specimens collected by bottle 
trap (Table 1) show a consistent size and are on average 
larger than those collected with dip nets. This sugggests a 
size bias associated with collecting technique. As more 
series of bottle-trap collected specimens become available 
for study, it will be valuable to test them against net 
collected specimens from the same geographic area. 

The predominantly yellow pterothoracic and abdominal 


sterna are consistently marked with infuscation in the 
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material at hand. The mode of this pattern is darker than 
that of D. alaskanus, but the variation shown in the latter 
eliminates ventral colour pattern as a useful taxonomic 
character, except on a regional basis. In certain geographic 
areas, population samples have a majority of specimens with, 
for instance, expanded infuscation of metathoracic 'wing' 
(@.g. Fig. 12B left) combined with more yellow abdominal 
sterna (@€.g. Fig. 12B right). I have seen too few samples of 
sufficient numbers to find a pattern in this variation, and 
indeed, there may not be one. In general, darker specimens 
predominate and increased infuscation of any one sternum is 
correlated positively with increased infuscation of other 
sterna. 

An important feature unique to females of D. dauricus 
is the distinct disjunction between the planes of the 
clypeus and the frons at the fronto-clypeal suture. The 
frons is markedly recessed from the clypeus (Larson 
1975:403). Some female specimens of D. alaskanus show a 
slight planar disjunction in this area, and this is marked 
in some teneral specimens. Once specimens of both taxa have 
been seen, however, the difference in degree is sufficient 
to allow reliable use of this character for separation of 
female members of these taxa. 

Another character used to distinguish between females 
of D. alaskanus and D. dauricus is arrangement of the 
inter-sulcal ridges at the apex of the elytron. Character 


State differences: are presented in couplet 13 of the key to 
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Nearctic species. I have seen no exceptions to this 
dichotomy, except where elytra have been malformed, 
presumalbly during eclosion from the pupal cell. 

Of the 41 female specimens seen from the Palearctic 
region, 13, or 32%, show no trace of elytral sulci, 27 are 
distinctly sulcate, and one specimen has the sulci only 
lightly impressed. From the Nearctic region, 315 specimens 
were available for analysis. Distribution of sulcate and 
non-sulcate females from North American localities is given 
in Table 6. These data are presented in a northwest to 
southeast direction. While it will be more compelling when 
more specimens become available for study, these preliminary 
numbers suggest three areas of occurrence of non-sulcate 
females: 1) Alaska, Yukon and Northwest Territories, 
Ontario, and the western Provinces of Canada, 

2) Newfoundland, and 3) high altitude sites in Colorado and 
Wyoming. These localities are just as suggestive of 
development of the non-sulcate form in refugia (j.é. 
Beringia, Newfoundland, and alpine Colorado and Wyoming) as 
they are of environmental influence on proportion of 
non-sulcate females. The latter Scenario is somewhat 
weakened when it is considered that samples of D. dauricus 
from presumably similar habitats in California, Idaho, 
Montana, Nevada and Utah contained no non-sulcate female 
specimens. Both hypotheses are weakened by the low 
proportion of non-sulcate females in Alaska and Yukon 


Territory. 
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Natural history. — Larval development of D. dauricus is 
completed by late July to early August in Alberta and 
Minnesota, as teneral specimens from the first half of 
August were seen by Larson (1975) and me (Table 4). This 
Species seems to prefer permanent pond or lake habitats, and 
these are usually associated with some amount of tree cover 
(Larson, 1975). 

Available flight records are for April, July, September 
and October (Larson, 1975, and Table 5). This species may 
Overwinter in the permanent habitats which they inhabit 
because specimens were caught in bottle traps at George Lake 
near Busby, Alberta in late April, 1982, when the margins of 
the lake were ice-free, but most of the lake was still 
frozen. At this locality, it occurs at a much lower density 
than D. alaskanus. 

Distribution (maps, Figs. 28B and 28C). — This 
Holarctic species ranges from Newfoundland westward to 
Alaska, and occurs sporadically on the Aleutian Islands. In 
North America, most localities are from south of tree-line, 
but certain localities in northern Labrador, Ontario and 
Manitoba probably indicate that it occurs in tundra ponds. 
The range of D. dauricus extends southward along the western 
mountain ranges in Colorado and California and may occur in 
alpine and sub-alpine ponds in these areas. In the 
Palearctic region, most records are from east of Lake 
Baikal. The most southern and western record is for Yining, 
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Chorological relationships. — In North America, this 
Species is sympatric with every other Nearctic species 
except D. habilis and D. carolinus. In the Palearctic it is 
Sympatric with D. sharpi, D. marginalis czerskii, 

D. delictus, D. circumcinctus, D. lapponicus lapponicus, 
D. latro and possibly D. latissimus. 

Phylogenetic relationships. — The robust form and 
markedly curved lateral margins of the median lobe of males 
of D. dauricus indicate close relationship of this taxon to 
D. lapponicus, D. circumflexus, D. thianshanicus, D. latro 
and D. sinensis. Unlike these taxa, however, adults of 
D. dauricus do not have a spinose metacoxal process. 

Material examined. — A total of 768 adult specimens of 
D. dauricus were examined. From the Palearctic realm were 27 
males and 41 females, and from the Nearctic realm, 382 males 


and 336 females. 
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3.26 Dytiscus lapponicus Gyllenhal, 1808 
Dytiscus lapponicus Gyllenhal 1808:468. 


Derivation of specific epithet. — Latin, referring to 
the type locality, Lapland. 

Diagnostic combination. — The combination of Palearctic 
distribution, acuminate metacoxal lobes, pronotum with very 
broad yellow margins on all sides and elytra predominantly 
yellow with rows of black dots easily distinguish members of 
D. lapponicus. 

Taxonomic notes. — I have arranged D. lapponicus in two 
subspecies: widespread nominate subspecies, and another 
restricted to the Italian Alps, for which the subspecific 
epithet disjunctus is available. The form of the median lobe 
of both subspecies is quite ai eee but there is a major 
difference in coloration of the prothoracic disc in the 
material I have seen (see couplet 13 of key to Palearctic 
Species). I have chosen to treat these named forms as a 
Subspecies because: 1) they are allopatric; 2) other 
specimens of D. lJapponicus from latitudes near or as far 
south as that of D. disjunctus (é.g. France, Germany and 
U.S.S.R) do not exhibit its characteristics; and 
3) distinctiveness of both groups judging from specimens I 
have seen. On the basis of colour characteristics studied, 
each specimen was easily assigned to one or the other 
subspecies, and subsequent use of geographic criteria showed 


this to be correlated. Other colour characteristics of 
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D. lapponicus disjunctus not used in the key but perhaps 
correlated with reduced infuscation of the pronotum are 
greatly expanded yellow band around eye (more than 0.5 width 
of eye) and posterior extension and expansion of chevron 
such that it appears hour-glass shaped but with anterior 
portion wider. Other character differences are discussed by 
Zimmermann and Gschwendtner (1938:50). 

Many Palearctic autors have commented on this form and 
most have suggested it to be an aberration. Below, I present 
a brief, selected history of the taxonomic treatment of this 
form. 

Seidlitz (1887:111) accepted D. disjunctus as valid at 
the level of species. Zaitzev (1908) states that recognition 
of the form disjunctus as an alpine "race" is unjustified 
because he had seen specimens with similarly coloured 
pronota from northern Russia. Holdhaus (1912:423) states 
that D. Japponicus occurs in the typical or nominate form at 
La Grave, Isére (now in Dep't. Hautes-Alpes, France). 
Guignot (1933:726, 1947:246) presents records for 
D. lapponicus ab. disjunctus from Meyrannes near 
Barcellonette (Dep't. Basses-Alpes, France) and "lac du col 
de Lauzanier". Interestingly, Guignot, in the former 
reference, records La Grave as a locality for the nominate 
form (perhaps following Holdhaus, above) but in later work 
Suggested it as a locality for ab.D. disjunctus without 
providing an explanation for the change. Brundin (1934:252), 


citing earlier authors, gives, in addition, records for 
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Mt. Cenis (Dep't. Savoie, France) and Simplon (Canton 
Valais, Switzerland). All of these localities are relatively 
close to the type locality of D. lapponicus disjunctus, but 
are on the northern and southwestern portions of the 
watershed of the Alps, whereas the type locality of — 
disjunctus, Lago della Magdallena, is on the southern 
portion of the watershed. Re-examination of these specimens 
is very important. Because of the problems associated with 
the Guignot records, I have treated them all as belonging to 
the nominate subspecies. Also, I do not believe that the 
concept of this taxon has been well communicated among 
coleopterists within the region; specimens are not numerous 
and are restricted to only a few museums. I believe that 
area of collections was used previously for determination, 
rather than other characters. If these records do represent 
the nominate subspecies, then they must represent dispersal 
records from other areas (€.g. Germany) or at least be 
remnants of a different colonization of the Alps from that 
which gave rise to D. lJapponicus disjunctus. 

Zimmermann (1919:233) and Zimmermann and Gschwendtner 
(1938:50) cite D. disjunctus as an example of an inbred 
"race" formed by extreme geographic isolation. 

F. Balfour-Browne (1950:238) suggests that the main 
diagnostic feature of D. disjunctus is fragmentation of the 
pronotal infuscation and that Scottish specimens of the 
nominate form showed evidence of an "elementary stage" of 


development of this character state. He therefore judged 
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D. disjunctus to represent a simple aberration. Zaitsev 
(1953:329) states that D. disjunctus is a psychrophilic form 
as he has seen specimens from Leningrad. I have not seen 
Zaitsev's specimens. As stated above, the paucity of 
available specimens may have influenced Balfour-Browne's and 
Zaitsev's concepts of D. lapponicus disjunctus. If they 
believed that it is only characterized by fragmentation of 
the infuscated portion of the pronotal disc, then they could 
have been misled by variation within D. Japponicus 
lapponicus. 

The infuscated portion of the pronotum of specimens of 
the nominate subspecies does exhibit variation in width, 
Sinuation and fragmentation, but I have seen no extralimital 
specimens showing character states similar to that of 
members of D. lJapponicus disjunctus. Furthermore, even if 
this character state is demonstrated to occur in other 
populations, it cannot be inferred that subspecies status in 
invalid — only that further analysis and characters are 
needed. 

Distribution (map, Fig. 28D). — This is a species of 
more northern distribution than other Paleartic species. It 
occurs sporadically in southern Europe, usually associated 
with montane, or at least cold, oligotrophic habitats. It is 
more common in northern Europe and is known from throughout 
the U.S.S.R. I have seen no reliable records for North 


America. 


veezial .noiverreds aiquiz @ dnaee7ge2 

apot oilidgordogad 6 an aussomulet ‘Q 3add eodeae 
“esa ton aved. 1 sbarpaiiadt moud sven oon i 

lo Ytioveg GAD \oNeds Betase 2A nee 

bos 8 enwowd-ieRiwed honeintns Ov fel yen: enemiceqe® bie 
yed2 11 .eutSrutet > aucireggel 0 te asqeands: Bt 

to notgaineaper? va pani 9: geveds ¥lno al theta 


biveo vers. medyt {2aed (etomonty ada ya foi s200 
a5 ones). 0 gideivipettetaay vdcheted 

7 
nemioeae to aetongsa say, Io inate) bsteneu tai. 
Mehiilw ops Nt tesaev t ithines ego estoegedua 
milerte on sep .496n J ug CVE ur? eee 
to Jaga of yslimte 2ated3, wigosteds gniworta Sane 

neve pe naa vel Jantonutel aubinoqast: «0. eo @ 
serize ai u>30 od beoetbenombh 4 @tese we 
ni 2U2696 eatosaadue tern3 Der sasins eee si. 
Sth @tedterésdo bird: eieqienk. near dads ebuedite 
| i 
io seiosqe 6 ai, erat - . tORS, wets yen) 00) RA St 
vl ,2eaoe02: pétisel ad. xerzo heats ol tedizteth. rretsion) 9s a , 
batelagees: ¢iiayay ho wit nseijvos mi ylleolbaezoge. & | i 
4g 11 .2355iGed sidg@ertogile .ffon teeeL 2@ 30 yoanseualan 7 
sotauotd mynd  aWoms as bow egows atedison ar ; mn ; 
idiot se? wbx029% S@ldsiies on nese eved.t 


i 
4, 


159 


Chorological relationships. — Areally, the combined 
range of both subspecies suggests sympatry with most 
Plaearctic species except D. sharpi, D. persicus and 
D. sinensis, and possibly D. delictus. Differences in 
preferred habitat suggest that co-occurrence within habitats 
(or effective sympatry) could happen with D. marginalis, 
Bpecircumeinctus;, + Diedauricus;)D:! latroland 
D. thianshanicus. 

Phylogenetic relationships. — Presence of acuminate 
metacoxal processes, sinuate lateral margins of median lobe 
of male, with distinct sensory-type pores on apical knob 
indicate close affinity with D. thianshanicus, D. latro and 


D. sinensis. 


Dytiscus lapponicus lapponicus Gyllenhal 1808, NEW STATUS 
Dytiscus lapponicus Gyllenhal 1808:468 (Type area — 


"habitat in aquis Lapponiae". Type not seen). —Zimmermann 
1920:248. —Guignot 1933:48. —Houlbert 1934:134. —Zimmermann 
and Gschwendtner 1838:34. —F. Balfour-Browne 1953:27. 
—Zaitsev 1953:351. —Schaeflein 1971:88. 

Dyt iscus borealis Motschulsky 1860:101 (Type area — 
"Sibérie". Type not seen.). 

Dytiscus septemtrionalis Gyllenhal 1827:373 (Type area 
— "Habitat in Finlandiae aquis". Type not seen.). 

Dytiscus lapponicus var. septentrionalis. Unjustified 
emendation. —Zimmermann 1920:249. —Guignot 1933:723. 


—Houlbert 1934:134. —Zimmermann and Gschwendtner 1938:48. 
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—F. Balfour-Browne 1950:280. -—F. Balfour-Browne 1953:27. 


—Zaitsev 1953:351. -—Schaeflein 1971:88. 


Diagnostic combination. — The broad pronotal 
infuscation and distribution which excludes the Italian 
Alps, in conjunction with the diagnostic combination of the 
species, are sufficient to identify adult members of 
D. lapponicus lapponicus. 

Description. — Measurements of largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is shown in Fig. 5C; coloration of pterothoracic and 
abdominal sterna in Fig. 12C; median lobe of male in 
Fig. 19D, E; and metacoxal processes in Fig. 221. 

Variation. — This is a relatively varied taxon, but the 
limits are defined and identification is usually easy 
because of several unique features. With respect to 
diagnostic features, pronotal infuscation is somewhat varied 
(see Taxonomic notes under D. Japponicus). The width of this 
infuscation is at most subequal to that of the width of an 
anterior or posterior yellow band. The anterior and/or 
posterior margins of the band are sinuate in some specimens. 
Some specimens have the pronotal infuscation arranged in 
three or more blocks by longitudinal incursions of yellow. 

F, Balfour-Browne (1950:281-282) noted the trend for 
more northern samples of D. lJapponicus lapponicus to have a 


greater proportion of non-sulcate females than more southern 
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populations. Unfortunately, he does not provide relative 
proportions of sulcate and non-sulcate females for the 
Scottish and Irish samples that he studied. Other available 
data also suggest this trend. Guignot (1933:726) states that 
the non-sulcate form does not occur in France. Horion 
(1941:439-440) does not mention the varietal name used for 
non-Ssulcate females (as he does for other species with 
dimorphic females) as occurring in Germany, although I have 
seen a few specimens of ungrooved females labelled only 
"Germania". Of 28 female specimens seen from Prussia and 
Poland, all are sulcate. From Sweden, I have seen 71 females 
of which 54 or 76% are sulcate; from Finland, 105 females of 
which 84 or 80% are sulcate; and from Norway, 4 of the 11 or 
36% of the females studied are sulcate. 

As noted elsewhere (€.g. D. alaskanus), the cause of 
geographic variation in proportion of the two types of 
females is problematic. The pattern suggests dispersal from 
particular refugia, but ecophenotypic phenomena cannot be 
ruled out, nor can a combination of both. The observation 
that all females of D. Japponicus lapponicus are sulcate 
even though they occupy cold, oligotrophic habitats in the 
Alps argues against the hypothesis of ecophenotypic 
expression. Further detailed information of occurrence and 
relative proportion of both states would be most helpful in 
attempting an explanation. 

Natural history. — What is known of the natural history 


of this species is summarized fully by F. Balfour-Browne 
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(1913, 1950:283-284) and Jackson (1956:84-85). 

Distribution (map, Fig. 28D). — Very locally 
distributed in high mountains of southern Europe, with 
sporadic records for Germany, Switzerland, Holland, Belgium, 
Scotland and Ireland. Poppius (1910:356) discounts previous 
records of this species from Iceland. 

I have seen the following records which I believe to 
represent incorrect labelling: "Hongric [?Hongrie], Roussel" 
(2 CASC, 1 HNHM), Spain (2 ICCM), and Sitka (1 MNHN). There 
are no recent nor reliable records for North America. 

Material examined. — A total of 657 adult specimens 


were examined, of which 259 were males and 657 were females. 


Dytiscus lapponicus disjunctus Camerano 1880, NEW STATUS 


Dytiscus lapponicus var. disjunctus Camerano 1880:120 
(Type locality — Argentara, Piemonte, Italy. Type not 
seen.). —Zimmermann 1920:249. —Gschwendtner 1923:110. 
—Guignot 1933:726. —Zimmermann and Gschwendtner 1938:48. 

—F. Balfour-Browne 1950:280. —Zaitsev 1953:351. —Franciscolo 
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Derivation of specific epithet. — Presumably, Camerano 
proposed this name to reflect the isolation of this taxon 
within the Italian Alps. 

Diagnostic combination. — Reduction of pronotal 
infuscation to a sinuate line acros the pronotal disc and 


restricted range, in conjunction with the diagnostic 
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combination for the species, are sufficient to identify 
adult members of D. Japponicus disjunctus. 

Description. — Measurements of largest and smallest 
Specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is not shown (see Franciscolo 1979:658, Fig. 2046); 
coloration of pterothoracic and abdominal sterna in 
Fig. 12D; median lobe of male not shown; metacoxal processes 
pnerig. u225. 

Variation. — Shape of pronotal markings of specimens of 
D. lapponicus disjunctus examined is relatively consistent 
and similar to that illustrated by Franciscolo (1979:658), 
Fig. 2046). 

All of the 38 females seen are sulcate. 

If fresh material can be obtained (but see Natural 
history), it would be useful to determine whether or not 
flight muscles are present within members of this 
Subspecies. Jackson (1955) suggested that absence of flight 
muscles from Scottish specimens of the nominate subspecies 
could have played a role in the limited distribution of that 
form in Scotland. 

Natural history. — Most collection records have no 
dates associated with them. Available dates are: vii.1898, 
Vileotere avin sel eovadi 2a, eee wv. Zon erhnese -correlateywe ll 
with those mentioned by Franciscolo (1979), who further 
States that he has been unable to collect this subspecies at 


the type locality despite repeated attempts since 1954. 
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Intensive collecting by Franciscolo and others has failed to 
find any other localities for D. Japponicus disjunctus. 
Franciscolo correlates the demise of this taxon with the 
introduction of trout into the type locality and similar 
lakes within the Italian Alps. This is very interesting, 
Since F. Balfour-Browne (1913, 1950) mentions that in 
Scotland D. Japponicus is taken only in lochs from which 
trout are absent. Franciscolo mentions that trout could have 
preyed upon the immature forms of this subspecies and it may 
already be extinct. 

Distribution (map, Fig. 28D). — All specimens that I 
have seen were labelled with part of the following 
compounded label information: Lago della Maddalena, 
Argenterra, Col de Larche, Valle Sture, Piemonte, Alpi 
Marittime, 2000 m. Other possible records are treated under 
Taxonomic notes for D. Japponicus. 

Material examined. — A total of 50 adult specimens were 


examined, 12 males and 38 females. 
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3.27 Dytiscus circumflexus Fabricius, 1801 

Dytiscus circumf lexus Fabricius 1801:258 (Type area — 
Tanger fide Guignot 1961:860. Type not seen.). —Zimmermann 
1920:245. —Muller 1926:299. —Guignot 1933:722. —Houlbert 
1934:135. —Zimmermann and Gschwendtner 1938:51. —Guignot 
1947a:245. —F. Balfour-Browne 1950:273. -—F. Balfour-Browne 
1953:27. —Zaitsev 1953:351. -—Guignot 1961:860. —Schaeflein 
1971:88.°—Franciscolo’ 1979:669. 

Dytiscus flavomaculatus Curtis 1825:99 (Type area — not 
known to me. Type not seen.). —Zimmermann 1920:246. 

Dytiscus flavoscutellatus Latreille 1806:331. (Type 
area — not known to me. Type not seen.). —Zimmermann 
1920:246. 

Dytiscus excrucians Stephens 1828:503 (Type area — not 
known to me. Type not seen.). —Zimmermann 1920:246. 

Dytiscus dubius Serville 1830:90 nec Gyllenhal 1827:373 
(Type area — near Paris, France. Type not seen.). 
—Zimmermann 1920:246. 

Dytiscus circumf lexus var. dubius Serville. —Zimmermann 
1920:246. —Muller 1926:299. —Guignot 1933:722. —Houlbert 
1934:135. —Guignot 1947a:245. -—F. Balfour-Browne 1950:273. 
—F. Balfour-Browne 1953:27. —Zaitsev 1953:351. Guignot 
1961:860. —Schaeflein 1971:88. -—Franciscolo 1979:669. 

Dytiscus perplexusS Boisduval et Lacordaire 1835:302 
(Type area — near Paris, France. Type not seen.). 


—Zimmermann 1920:246. 


es oe VPM ES me xs 
aa ‘h, : 
i | 7 . +l On 


‘tl aniseed 

—~ 5976 anvt) Sehr sy itsdsiet atonal WON | 
iaomrcmmris- .(.?ege soa soe? ere : 
trodluoh- . csv Oat seapiude- jeensaser senting 
ponpind= «hee BeeRt sonsbnswitoaD hae aneim rnc kSH. 
snword~WwWOetiad «tr wBCSnee! sivent-n0d tet. eee 
nislisedn2z— . CIB: reer vai fo ~ O87 eaer wae ati 
.29a:8081 oloontens ae 


oo —- sere say) O@.esar exseud ZUTA useuiowe 1. BUS b INL, © 
aba 6 Be nn snonmss—) (.09¢2. IO Sacre pt 

sqeT) ,(€£:008!, siitetied aatel (StuneOvE A: 

inemremmit-- .{,nse@. toa eat a om eons. to 


fon — dae. See) FOaYaeS! ananeere ee) ron 
$2 ecuare Siar bi wih a hha gon ray? «01-0 

ETE: TSO! Lerasilive sean OBSoear et lpvrsd Baldo 4 | 
.(.992 Jom age? <gmneT4 a dant 1s69n — SOI) SqYE 

ie .d0s 2080? anamaemmd 

ansarranmit— .ellivred® af) Gu - ree Sue \Amuanta aucel ‘ a | 
stodfuon— SST sb rer song }ii- oe ese: seltime J 


2082080) Sawore=qwoMt ed, Ae See ayer ponpive aereaeet 
Riord) sea0r2) tees sEaer\ rasta hele oe: eget onao3s~ i us > a | 
saa erer otoseionnsae JOSIE TOU ntgltesdse 0: 

Sob peeB! aviabicpel te tavubeion Sue inva, amet 


Asngse Jon oat +Sonere ebiae. xno. - 80% 


166 


Dytiscus pisanus var. * kunstleri Peytoreau 1894:xlii 
(Type area — not specifically stated, but probably near 


Bourdeaux, France. Type not seen.). —Zimmermann 1920:246. 


Derivation of specific epithet. — From Latin circum 
meaning "around" and fJexusS, meaning a "bending or turning". 
The significance of this epithet is unclear to me (perhaps a 
reference to the frontal chevron). 

Notes about type material]. — 1 have not seen the types 
of any of the various names applied to this species. 
Therefore, assignment of the names follows traditional 
useage (€.g. Zimmermann 1920). Explanation of Peytoreau's 
var. kunstleri is required. Most Palearctic workers such as 
Zimmermann have treated this name as if it were assigned 
Species level status. This may be because these authors had 
not seen the original description published ina little 
known journal that is difficult to obtain. After reading the 
Original description, I was unsure whether Peytoreau had 
Gescribed a specimen of D. pisanus or D. circumf lexus. 
Reference to Peytoreau's figure of metacoxal processes 
definitely indicates the latter, as the processes are much 
too aciculate for members of the former. 

Diagnostic combination. — All but four of the specimens 
examined have maculate abdominal sterna. This, in 
combination with acuminate metacoxal processes and 
principally European and North African distribution, should 


allow easy separation of most specimens. For problematic 
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Specimens, reference to features of the median lobe of males 
is essential, and females are best determined by association 
with males from the same region. 

Description. — Measurements of largest and smallest 
Specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is shown in Fig. 5D; coloration of pterothoracic and 
abdominal sterna in Fig. 13A; median lobe of male in Fig. 
20A; and metacoxal processes in Fig. 22K. 

Taxonomic notes. — This species is the most varied in 
body shape, yet the form of the apex of the median lobe is 
quite constant. Far eastern Palearctic records of this 
Species probably result from confusion with D. sinensis, 
which is quite similar in markings of the venter. 

The species D. circumflexus, D. thianshanicus, D. latro 
and D. sinesis comprise a monophyletic group of some 
complexity. AS presently interpreted, they form a 
geographical replacement series extending through the 
Palearctic Region, basically from west to east, the taxa in 
the sequence indicated above. Of these four species, 

D. circumflexus (except as noted under variation) and 
Dzusinensis#are) similaroinaventralwcolourhpatternri] .e: 
pterothoracic and abdominal sterna fasciate), while 
specimens of D. thianshanicus and D. latro have most of the 
venter yellow. The best characters for their separation are 
details of the form of the median lobe of males. Scanning 


electron micrographs of the apical portions of the median 
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lobe of male specimens are presented in Figs. 20A-D. 
Taxonomically important character states of the median lobe 
for each species are as follows: 1) shape of posterior 
protion of knob in ventral view — notched (D. circumf lexus), 
triangularly extended posteriorly and fading into the 
ventral ridge (D. thianshanicus and D. sinesis), or evenly 
truncate (D. Jatro); 2) width of apical knob relative to 
that of preapical portion — knob much narrower than 
preapical protion (D. circumflexus and D. thianshanicus), 
and knob somewhat narrower than preapical portion (D. Jatro 
and D. sinensis); 3) prominence of apical knob in lateral 
view — not very prominent (D. circumflexus, D. thianshanicus 
and D. Jatro), and very prominent or spatulate 
(D. sinensis); 4) widening of ventral ridge in ventral view 
— abruptly (D. circumflexus) or evenly tapered 
(D. thianshanicus, D. latro and D. sinensis); 5) in lateral 
view, the relative width of dorsal and ventral portions of 
median lobe just anterior to its greatest width (using 
lateral ridge and a dividing line) — dorsal portion much 
Narrower than ventral portion (D. circumflexus and 
D. thianshanicus), dorsal and ventral portions approximately 
equal (D. Jatro), and dorsal much wider than ventral portion 
(D. sinensis). 

Variation. — Specimens of this species exhibit a great 
deal of variation in body shape or habitus. This may be part 
of the reason for proposal of many of the names listed 


above. For instance, most male specimens have pronota wider 
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than elytra and most females have pronota equal or subequal 
to elytra at the base. However, some males have pronota only 
as with as that of most females, and some females have very 
Narrow pronota so that the pronotal-elytral juncture appears 
emarginate. Such differences in pronotal shape drastically 
alter overall appearance of specimens. These characters are 
consistent within many local populations, but population 
samples from surrounding areas may show opposite extremes. 

Most specimens have the venter marked with black (Fig. 
13a left). However a few specimens have a completely yellow 
venter (e.g. from Sweden (Sk&ne), Czeckoslovakia (Moravia), 
Hungary (Kolocsa), and Iran). There is little geographic 
correlation to this pattern except that the atypical 
Specimens occur along the eastern edge of the range, 
although specimens with a typical pattern are found at the 
western-most locality in Afghanistan. 

In Europe, excluding Great Britain, most female 
specimens are not Sulcate. Scattered records of sulcate 
females are available for Sweden, France, Holland, Germany, 
PrusSia or Poland, Corsica and Crete, as well as the Ahaggar 
Mountains of Algeria. In Great Britain, F. Balfour-Browne 
(1950:274) states that sulcate females predominate. Thus the 
trend is for more northern samples to be sulcate, whereas 
more southern samples are predominantly non-sulcate, and the 
most southern (but montane) samples are also sulcate. 

Natural history. — A summary of the natural history of 


this species is presented by F. Balfour-Browne 
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(19505272-277) . 

Distribution (map, Fig. 29A). — All specimens of 
D. circumf lexus that I have seen are from Europe, northern 
Africa and Asia Minor. More eastern records (@€.g. Siberia, 
by Zaitsev 1953:329) probably refer to D. Jatro and records 
for Kazakhstan (@€.g. Konev 1976) need to be re-examined in 
light of the previously inadequately understood 
D. thianshanicus. Records of D. circumflexus for the Canary 
Islands (F. Balfour-Browne 1950:276) need to be confirmed. 

Chorological relationships. — Until the eastward 
extension of the range of D. circumflexus is better defined, 
it is difficult to list the taxa with which this species is 
sympatric. Within Europe, it is sympatric with 
D. semisulcatus, D. mutinensis, D. dimidiatus, D. pisanus, 
D. marginalis, D. latissimus, D. circumcinctus and 
D. lapponicus. It may be sympatric with D. persicus in Iran, 
but more records are needed to eStablish this with 
certainty. 

Phylogenetic relationships. -— D. circumflexus (if its 
distribution pattern is confirmed as suggested above), 
D. thianshanicus (south-central U.S.S.R.), D. Jatro 
(Siberia) and D. sinensis (northern China) seem to forma 
stepwise pattern suggesting vicariance and/or ecological 
replacement. This is supported by phylogenetic analysis 
(Fig. 30). These four taxa are united by common possession 
of a well-developed constriction of the apex of the median 


lobe just before the apical knob (Figs. 20A-D, dorsal view), 
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and share with their sister group (D. lJapponicus) very 


elongate metacoxal processes. 


Material examined. — A total of 546 adult specimens of 
D. circumf lexus were seen. Of these, 216 were males and 229 


were females. Sex was not determined for one specimen. 
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3.28 Dytiscus thianshanicus Gschwendtner, 1923 

Dytiscus thianshanicus Gschwendtner 1923:107 (Type 
locality — "Aksu-Tal am Sudabhang des Thian-schan" = Jachsu 
River Valley, Kuljab district of Tadzik S.S.R. Type not 
seen.). —Zimmermann and Gschwendtner 1938:53. —Zaitsev 


NESBis352 : 


Derivation of specific epithet. — Derived from the name 
of the mountain range in which the type locality is found. 

Diagnostic combination. -— A combination of 
south-central Palearctic distribution, predominantly yellow 
venter, spinose metacoxal processes, lack of narrow yellow 
ring around eye, and distinctive form of apex of median lobe 
of males adequately distinguish members of this species. 

Description. — Measurements of largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is shown in Fig. 5E; coloration of pterothoracic and 
abdominal sterna in Fig. 13B; median lobe of male in 
Fig. 20B; and metacoxal processes in Fig. 22L. 

Taxonomic notes. — This species is still inadequately 
known. Members of D. thianshanicus are difficult to separate 
from those of D. Jatro except on the basis of form of the 
apex of the median lobe and distribution. The latter feature 
is of doubtful value, for ranges of both taxa are 


inadequately known. See also taxonomic notes under 


DY circumeincetus:. 
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Variation. — Too few specimens were seen to establish 
whether or not there are geographic patterns of variation. 
No sulcate females were seen but this may be due to the 
small number of specimens studied. 

Natural history. — I can find nothing published about 
Natural history of this species, nor does the scanty label 
data supply any information. 

Distribution (map, Fig. 29B). — I have seen specimens 
onlysé£romasouthycentral:U0sS.S.Rs 

Chorological relationships. — This species is known to 
be sympatric (but see above) with D. marginalis marginalis, 
D. circumcinctus and D. latissimus. It may also be sympatric 
with D. semisulcatus, D. persicus and D. dauricus. 

Phylogenetic relationships. — See similar section in 
treatment of D. Jatro. 

Material examined. — A total of 10 specimens of 
D. thianshanicus were examined and of these 6 were males and 


4 were females. 
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3.29 Dytiscus latro Sharp, 1882 

Dytiscus latro Sharp 1882:644 (Type locality — 
"Mantchuria". Holotype non-Sulcate female in BMNH labelled 
as follows: Type [circular orange-rimmed label]; Manchuria; 
Sharp Coll. 1905-313 [label inverted]; Dytiscus latro, Sharp 
type; Mantchuria Mus. Castelnau 948; HOLOTYPE, Dytiscus 
latro Sharp, examined R.E. Roughley 1981.). —Zimmermann 
1920:249. —Zimmermann and Gschwendtner 1938:53. 

—J. Balfour-Browne 1946:453. —Zaitsev 1953:353. 

Dytiscus piceatus Sharp 1882:644 (Type locality — 
"Bastern Siberia; (Irkutsk)". NEW SYNONYMY. Holotype male in 
BMNH labelled as follows: Type [circular orange-rimmed 
label]; Irkutsk, Siberia; Sharp Coll. 1905-313 [label 
inverted]; Dytiscus piceatus, Sharp type; Irkutsk, Siberia, 
949; HOLOTYPE, Dytiscus piceatus Sharp, examined R.E. 
Roughley 1981). —Zimmermann 1920:253. —Zimmermann and 
Gschwendtner 1938:52. 

Dytiscus stadleri Gschwendtner 1922:93 (Type locality — 
"Berisovka, Transbaikalien". Holotype male in ZSBS labelled 
as follows: "Type; [illegible handwriting, perhaps = 
Berisovka]; HOLOTYPE, Dytiscus stadleri Gschwendtner). 
—Zimmermann and Gschwendtner 1938:53. —J. Balfour-Browne 
1947:453. 

Derivation of specific epithet. — Latin Jatro means 
hireling, robber or brigand. The significance is not known. 

Diagnostic combination. — A combination of eastern 


Palearctic distribution, predominantly yellow venter, 
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spinose metacoxal processes, lack of narrow yellow ring 
around eye and distinctive form of apex of median lobe of 
males should adequately distinguish members of this species. 

Description. — Measurements of largest and smallest 
Specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is shown in Fig. 6A; coloration of paterothoracic and 
abdominal sterna in Fig. 13C; median lobe of male in Fig. 
20C; and metacoxal processes in Fig. 22M. 

Taxonomic notes. — The taxonomic problems associated 
with D. Jatro are a result of inadequate description (and 
therefore poor dissemination of Sharp's concept), 
association of sexes, and too few available specimens. The 
latter feature remains the most critical. Sharp may have 
suspected that D. Jatro and D. piceatus were representative 
of the same taxon, but does not clearly state this. 
Gschwendtner would have had difficulty assigning his 
specimen to D. Jatro based on the original description, and 
therefore described D. stadJeri. Either he or Zimmermann 
noticed the error and provided the synonymy, although this 
is not clearly indicated in their publication, nor are their 
reasons for synonomizing them. 

Sharp discussed both D. latro and D. piceatus on the 
same page of his monograph but /Jatro occurs first, and is 
thus the valid name for this taxon. 

Based primarily on the form of the median lobe of the 


male, this species appears distinct. Assignment of females 
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is more difficult because of their similarity to females of 
D. thianshanicus. The most reliable means I have found is 
association with males and distributional differences. More 
specimens need to be examined before the present arrangement 
is treated as more than provisional. 

Variation. — Too few specimens were seen to establish 
whether or not there are geographic patterns of variation. 
No sulcate females were seen, but this may be due to the 
small number of specimens seen. 

Natural history. — I can find nothing published on the 
natural history of this species, nor does the scanty label 
data supply any information. 

Chorological relationships. — The entire range of this 
exclusively east Palearctic species is insufficiently known. 
However, it 1S known or inferred to be sympatric with 
D. sharpi, 0D. marginalis czerskii, D. delictus, 

D. circumcinctus, D. lapponicus lapponicus and 

D. Jatissimus. Establishment of the western limits of 

D. latro and the eastern limits of D. thianshanicus would be 
helpful in determining the taxonomic status of these two 
taxa. 

Phylogenetic relationships. — The sinuate lateral 
margins and well developed sensory pores on the knob of the 
median lobe of males, and spinose metacoxal processes 
indicate close relationship to D. lapponicus, 

D. circumflexus, D. thianshanicus, and D. sinensis. In 


Fig. 30, I have interpretted D. Jatro as the eastern vicar 
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of the central Palearctic D. thianshanicus. 

Distribution (map, Fig. 29C). — This taxon occurs in 
the eastern U.S.S.R. (described loosely as Siberia) and 
adjacent Manchuria. 

Material examined. — A total of 17 specimens were 


examined, of which four are males and 13 females. 
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3.30 Dytiscus sinensis Feng, 1935 

Dytiscus sinensis Feng 1935:182 (Type locality — 
Yin-Kuan-Tsai, Szechuen, China. Holotype male in USNM 
labelled as follows: Szechuen, CHINA, DCGraham; 
Yin-Kuan-Tsai, 12300 ft, vii.21.30; Dytiscus sinensis (Type) 
H.T. Feng). —Feng 1937:14. —Zimmermann and Gschwendtner 


HOGSS 27% 


Derivation of specific epithet. — The specific epithet 
means Chinese. 

Diagnostic combination. — A combination of eastern 
Palearctic distribution, fasciate abdomianl sterna, spinose 
metacoxal processes, and spatulate form of apex of median 
lobe of males (in side view) adequately distinguish members 
of this species. 

Description. — Measurements of largest and smallest 
specimens are given in Table 2. States of taxonomically 
important characters are given in Table 3. Dorsal view of 
body is shown in Fig. 6B; coloration of pterothoracic and 
abdominal sterna in Fig. 13D; median lobe of male in 
Fig. 20D; and metacoxal processes in Fig. 22N. 

Taxonomic notes. — This species appears to be quite 
distinctive despite the few specimens seen by both Feng and 
me. 

Variation. — Too few specimens were seen to establish 
whether or not there are geographic patterns of variation. 


No sulcate females were seen but this may be due to the 
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small number of specimens seen. 

Natural history. — I can find nothing published on the 
natural history of this species, nor does the scanty label 
data supply any information. 

Distribution (map, Fig. 29D). — I have seen specimens 
from the type locality only. Feng adds Shensi (=Shanxi 
Province, China) and Manchuria. 

Chorological relationships. — Generalizing from the 
distribution, this species may be sympatric with 
D. marginalis czerskii, D. delicutus, D. circumcinctus, 

D. lapponicus, D. latro and possibly D. lJatissimus. The 
altitude given for the type specimen may indicate an 
affinity for high altitude habitats, reducing co-occurrence 
with other species. 

Phylogenetic relationships. — The D. dauricus-group 
falls into two subgroups. D. sineniS is in the more apotypic 
of these groups (characterized by the character states 
discussed under D. Jatro), and within this subgroup shows 
the highest number of apotypic features. 

Material examined. — A total of 10 specimens of 
D. sinensis were examined, all from the type locality. Three 


are males and seven are females. 
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4. Phylogeny and Zoogeography of Dytiscini 


4.1 Introduction 

In this section, I present reasons for regarding the 
tribe Dytiscini and genus Dytiscus as monophyletic. Then, I 
deal in some detail with the evolution of Dytiscus, from 
holomorphological, ecological and chorological points of 
view. 

Methods used for reconstruction of the phylogeny of 
members of Dytiscus are discussed in Ball and Roughley 
(1982), Roughley and Pengelly (1982) and references cited 
therein. Also, see the excellent treatment by Ashe 
(1982:225-229). Characters and character state distribution 
by taxon are shown in Table 3. The reconstructed phylogeny 
is shown in Fig. 30. Character state polarity was deduced 
from @x-group occurrence in members of Dytiscinae. The most 
easily resolved character consists of two character states 
found in two groups of taxa. For example, members of 
Dytiscinae, exclusive of Dytiscus, possess rounded metacoxal 
lobes, whereas members of Dytiscus possess either rounded or 
variously elongated or pointed metacoxal lobes. The unique 
state expressed only by some members of Dytiscus is 
therefore considered apotypic for them (Watrous and Wheeler 
S81): 

Many character states are not discretely distributed, 


however. Various states of a character can evolve 
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independently by reversal, parallelism, or even convergence 
(see discussion in Gauld and Mound 1982, and Wiley 
1981:12-13, 120-122). Some features of subsets of Dytiscus 
(species-groups, sets of species-groups) were polarized and 
homoplasies established by means of the jn-group criteria 
discussed by de Jong (1980) and Watrous and Wheeler (1981). 
Most examples of characters of equivocal polarity could be 
analyzed because of their co-occurrence with more easily 
established (heavily weighted) character trends (de Jong 


1980). 


4,2 Holomorphological aspects: Dytiscini and Dytiscus 


4.2.1 Dytiscini as a monophyletic unit 

The tribe Dytiscini is comprised of two genera, the 
dibasic Australian and Tasmanian Hyderodes Hope (Watts 
1978), and the more diverse Holarctic Dytiscus. Sharp 
(1882:939) was not convinced of the naturalness of this 
tribe: "...the resemblance or approximation between Dytiscus 
and Hyderodes does not arise from genetic connection (or 
common origin), but is due to a parallelism in the 
environment of the organisms during their evolution.” Sharp 
does not mention what these environmental similarities might 
be. 

I disagree with Sharp's hypothesis. This is in part 


based upon the characters which Sharp himself has provided 
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(1882:937-939). The first of two characters, which I 
interpret as synapotypic for Dytiscini, is size. The total 
range of size within the tribe is from 19 to 44 mm, and is 
not approached by many groups of Hydradephaga except 
Cybistrini, which range from 13 mm (Brinck 1945) to 47.5 mm 
(Sharp 1882:713). Large size has evolved independently in 
members of Dytiscini and Cybistrini. 

Sharp (1882:240, $38) discusses the much enlarged 
spiracular openings of the last two abdominal terga, which 
are unique to Dytiscini. This character state, then, is also 


a Ssynapomorphy for the members of the tribe. 


4.2.2 Dytiscus as a monophyletic unit 

At least five characters indicate the monophyly of 
Dytiscus. Some of these are difficult to polarize, but in 
totality they probably indicate the phylogenetic uniqueness 
of this genus. 

1) Large size. Specimens of Dytiscus range from 22.6 
to 40.0 mm (Table 2) in length, and most are in the range 24 
to 30 mm. Specimens of Hyderodes are 19 to 20 mm in length 
(Sharp 1882:633, 644 and Watts 1978:138; Note: the length of 
10.9 mm given by Watts for specimens of H. crassus Sharp 
must be a misprint). 

2) Clypeal-frontal suture entire (epistomal sulcus). 
Sharp (1882:904) mentions that the clypeal suture is complete 
and distinct throughout its entire length. This is unique 


among members of the family Dytiscidae, and represents a 
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State similar to that of at least Hygrobiidae, Amphizoidae 
Trachypachidae and Carabidae. Its presence in specimens of 
Dytiscus is interpreted as re-acquisition of this character. 

3) Male mesotarsus with very numerous palettes. Male 
specimens of Dytiscus have more than 700 to 1000 palettes 
per mesotarsal acetabulum. This state is not approached by 
any other member of Dytiscinae that I have examined. For 
instance, specimens of Hyderodes have 18 palettes per 
mesotarsal acetabulum. Nevertheless, this character is 
difficult to polarize. It is unique within Dytiscinae, but 
is Similar to the state found in many members of 
Colymbetinae. Relatively numerous palettes probably 
represent a plesiotypic state (@€.g. see discussion in 
Roughley and Pengelly 1982 for Hydaticini) in certain groups 
of Dytiscidae, but rarely, if ever, does it approach the 
numerical abundance found in males of Dytiscus. Therefore, I 
interpret the condition found in this genus as apotypic. 

4) Very large spiracular stigma of two apical abdominal 
terga. Members of Dytiscini are characterized by large 
Stigmata (see above), which in Dytiscus are much larger than 
those of Hyderodes. 

5) Triangular shape, in cross-section, of apical 
portion of median lobe. In the discussion of character 7.3 
used in the phylogenetic analysis, I characterize the 
plesiotypic form of the median lobe of male Dytiscinae. Male 
specimens of Hyderodes closely resemble this generalized 


form. In particular, the apical portion (posterior to 
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flanges) is blade-like, and therefore oval in cross-section. 
Male specimens of Dytiscus, in contrast, have the median 
lobe more or less widened laterally, and thereby present a 


triangular cross section of the apical portion. 


4.3 Evolution of Dytiscus: holomorphological aspects 


4.3.1 Characters used in phylogenetic analysis 

In this section, I list each character in the order in 
which it appears on Fig. 30, although the reference to the 
characters by numerals is as in Table 3. States of 
each character are listed along with the suggested 
transformation series they form, and the basis for this 
polarity. 
Character A. Segmentation of labial palpomere I of 
third-stage larva. Two states: plesiotypic, one-segmented; 
apotypic, two-segmented. Basis for classification: e@x-group. 
Character 3.1. Explanation of pronotum. Two states: 
plesiotypic, explanate; apotypic, not explanate. Basis for 
classification: ~]nA-group. 
Character 5.1. Elytron of female. Two states: plesiotypic, 
not sulcate, and therefore male-like; apotypic, sulcate. 
Basis for classification: @x-group. 
Character 7.1. Lateral ridges of median lobe. Two states: 
plesiotypic, present; apotypic, absent. Basis for 


classification: e@x-group 
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Character 6.1. Distribution of palettes on male mesotarsal 
acetabulum. Two states: plesiotypic, evenly distributed; 
apotypic, with glabrous area centrally. Basis for 
classification: e@x-group. 

Character 7.5. Relative length of dorsal and lateral flanges 
of median lobe of male. Two states: plesiotypic, dorsal 
equal to, or longer than laterals; apotypic, dorsal much 
longer than laterals. Basis for classification: ex-group and 
Inagroup. 

Character 4.6. Shape of apex of metacoxal process. Four 
States: plesiotypic, rounded; first apotypic, acute; second 
apotypic, acuminate; third apotypic, acuminate and 
elongated. Basis for classification: @x-group and in-group. 
Character 4.7. Shape of inner margin of metacoxal process. 
Two States: plesiotypic, convex; apotypic, concave. Basis 
for classification: @x-group. 

Character 7.3. Curvature of pre-apical portion of median 
lobe of male. Two states: plesiotypic, linear; apotypic, 
curved. Basis for classification: @x-group. 

Characters 4.1 - 4.5. Colour of pterothoracic sterna. Three 
States: plesiotypic, black; first apotypic, black and yellow 
(fasciate); second apotypic, yellow. Basis for 
classification: ex-group and jn-group. 

Character 7.6. Roundedness of tip of median lobe of male. 
Three states: plesiotypic, not rounded; first apotypic, 
rounded; second apotypic, broadly rounded. Basis for 


classification: @x-group. 
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Character 7.7. Development of tip of median lobe of male. 
Two states: plesiotypic, without knob; apotypic, knobbed. 
Basis for classification: ex-group. 

Character 7.9. Extension of pre-knob portion of median lobe 
of male. Two states: plesiotypic, not extended; apotypic, 
extended. Basis for classification: jin-group. 

Character 7.8. Development of sensory-type pores on tip of 
median lobe of male. Two states: plesiotypic, absent or, if 
present, small; apotypic, distinct. Basis for 
classification: @x-group and in-group. 

Character 7.2. Curvature of apex of median lobe of male 
(lateral view). Two states: plesiotypic, straight; apotypic, 
curved. Basis for classification: @x-group and /in-group. 
Character 7.4. Profile of pre-apical portion of median lobe 
of male (dorsal view). Two states: plesiotypic, 
parallel-sided; apotypic, Sinuate. Basis for classification: 
@x-group and /in-group. 

Character 7.10. Relative development of knob of median lobe 
of male. Two states: plesiotypic, moderate; apotypic, 
significant: «Basis fordchassification: \inagroup: 

Character 7.11. Profile of pre-apical portion of median lobe 
(dorsal view). Two states: plesiotypic, wider or more 
robust; apotypic, thinner or less robust. Basis for 


classification; jin-group. 
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4.3.2 Discussion of characters and homoplasy 

My interpretation of some characters is not completely 
apparent from simple description of the characters and their 
states. The following section explains more fully some 
characters and justifies my interpretation of others. 
Character A. Segmentation of labial palpomere I of 
third-stage larva. 

Blunck and Klynstra (1923) discuss the secondary or 
superimposed segmentation of head appendages of larval 
Stages of species of Dytiscus. In the discussion of 
phylogenetic relationships of D. verticalis, the 
one-segmented labial palpomere I of larvae (Wilson 1923, 
Fig. 37), was noted to be similar to that of members of 
Hyderodes shuckardi (Watts 1964, Fig. 37). Subsequent study 
has confirmed the lack of false segmentation of this 
palpomere in larvae of both of these species. 

I have associated adult and third-stage larvae 
of all Nearctic species except D. hatchi (Roughley, 
unpublished data), and the larvae of European species of 
Dytiscus were described by Blunck and Klynstra (1923). 
Therefore, while known distribution of this character is 
incomplete (larvae of some eastern Palearctic species of 
Dytiscus are unknown), it is sufficient to suggest its use 
as a synapomorphy for all species of Dytiscus other than 
D. verticalis. 

Character 3.1. Explanation of pronotum. 


Laterally explanate pronota are unique to adult 
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Dytiscus among Dytiscinae. As such, this character state is 
Synapotypic for members of Dytiscus, though secondarily 
absent from members of the D. hybridus-group. 

This character is sexually dimorphic in adults of D. cordieri 
(pronotum explanate in females, only). I deem absence of the 
explanation in males as a loss of the apotypic condition, 

and thus an evolutionary reversal. 

An alternate phylogeny suggested by the distribution of 
this character would be one in which the D. verticalis- and 
D. hybridus-groups were interchanged in Figure 30. This 
would result in explanate pronota representing a synapotypy 
for all species-groups of Dytiscus except the 
D. hybridus-group, rather than for Dytiscus as a whole. 
Also, the derived state of Character A would be unique to a 
Single monobasic species-group (D. verticalis). There is 
little corroborating evidence for either of these 
hypotheses. I have chosen the representation shown in Figure 
30 because specimens of D. verticalis exhibit less derived 
character states than do members of the D. hybridus-group, 
and is thus closer to the hypothetical ancestor of the genus 
Character 6.1. Distribution of palettes on male mesotarsal 
acetabulum. 

In all adult male dytiscines examined, palettes of the 
mesotarsus are more or less evenly distributed. In specimens 
of D. hybridus and D. marginicollis, the acetabulum has a 
central, longitudinal glabrous area. This is considered an 


apotypic state. Given that these two members of the 
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D. hybridus-group are the only extant species of Dytiscus 
which have such glabrous areas, and that it is achieved ina 
Similar manner, suggests that, even though it is a loss, it 
is a structural synapotypy for these two taxa. As mentioned 
under the phylogenetic treatment of D. hybridus, this 
species represents my concept of the hypothetical ancestor 
of the group, except that it would have had evenly 
distributed tarsal palettes. 

In the absence of this character, I would have 
rearranged the D. hybridus-group, placing D. hybridus as the 
Sister group to a lineage including D. harrisii, 

D. marginicollis and D. habilis. This would have allowed 
Simpler explanation of characters 3.2, 4.2-4.5, 7.1 and 7.5 
(see Table 3). The first five of these characters are 
colour-related, and markedly variable (see Table 7 for 
Character 4.5"). Character 7.2 is discussed elsewhere in 
this section as being of low phylogenetic weight, and 
character 7.5 would still require one within-Species-group 
reversal for the state found in males of D. habilis. The 
question is whether or not seven synapotypies of low weight 
are more significant than one of higher weight. My 
interpretation demands a negative answer to this question, 
or demonstration of a single character better than 
distribution of tarsal palettes. In the absence of the 
latter, I retain the arrangement shown in Figure 30. 
Character 7.5. Relative length of dorsal and lateral flanges 


of median lobe. 
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Dorsal and lateral flanges of the median lobe are used 
as guides for the spermatophore during its transfer to, and 
depostion in, the female's bursa copulatrix (Demandt 1924). 
In most species of Dytiscus, and in species of Hyderodes, 
the two sets of flanges are subequal in length. In some 
members of both the D. hybridus- and D. semisulcatus-groups, 
there is a marked discrepancy in length, presumably brought 
about by a decrease in length of the lateral flanges. On 
Figure 30, I have used the apotypic state (dorsal flange 
longer than lateral flanges) to isolate the 
D. semisulcatus-group. This requires that the apotypic state 
be derived three times: once in D. hybridus, once in 
D. habilis, and once in the common ancestor of the 
D. semiculcatusS-group. Furthermore, there is a reversal from 
the apotypic to the plesiotypic state in one member of the 
D. semisulcatus-group (D. sharpi). The alternate arrangement 
of grouping all species which possess the apotypic state 
(D. hybridus, D. habilis, D. semisulcatus, D. carolinus, 

D. fasciventris, and D. hatchi) seems unlikely, because it 
would mean that sulcate elytra had evolved more than one 
time (Character 3.1). 

Characters 4.6 and 4.7. Shape of metacoxal processes. 

The most common form of metacoxal process of members of 
Dytiscinae is a rounded metacoxal lobe (j.@. not angulate), 
with inner margin convex. Increasing angle of apex of 
the metacoxal process is a heavily weighted character within 


my phylogenetic analysis. The three apotypic states 
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represent a transition series easily polarized by comparison 
to specimens of Hyderodes and other Dytiscinae. The second 
apotypic state is coincident with concave inner margin of 
the metacoxal process. They are perhaps separate characters, 
because there 1s no intermediate character state for shape 
of the inner margin of the metacoxal process. 

Heavy weighting of this character forces recognition of 
homoplasies in other characters. For example, presence of a 
knob at the apex of the median lobe of males (Character 7.7) 
isolates members of the D. marginalis- and 
D. dauricus-groups, except for D. Jatissimus and 
D. alaskanus of the latter group. A lesser weight placed on 
Characters 4.6 and 4.7 would allow these two species to be 
placed in a separate group as a sister lineage to the 
remainder of the D. marginalis- plus D. dauricus-groups. 
This arrangement would suggest that acuminate metacoxal 
processes with a concave inner margin evolved more than 
once. 

I have chosen to retain Characters 4.6 and 4.7 as 
heavily weighted because they form a clear morphocline which 
is easily polarized, and because other arrangements would 
precipitate recognition of many more homoplasies. For 
example, the re-arranged phylogeny suggested above would 
bring about two (as opposed to one) independent developments 
of the apotypic state of Character 7.8, four (as opposed to 
three) of Character 7.2, and two each (opposed to one each) 


of Characters 4.6 and 4.7, discussed above. 
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Character 7.3. Curvature of preapical portion of median lobe 
of male. 

Roughley and Pengelly (1982:280) characterized the 
plesiotypic hydaticine median lobe as parallel-sided, with 
unmodified tip. These characters in conjunction with a 
generally blade-like form of the median lobe comprise the 
ancestral form of the median lobe of males of Dytiscinae. 

Within Dytiscus, the apotypic state has evolved at 
least three times: in D. hybridus-group (D. marginicollis), 
in D. semisulcatus-group, and is also found in the more 
advanced species-groups, but lost in D. pisanus. The 
sporadic parallelisms and the reversal of the apotypic state 
of this character are perhaps not surprising when it is 
considered that the change is simple and probably easily 
achieved in the evolution of various lineages. It is 
therefore to be considered a character of low importance for 
reconstruction of a phylogeny. 

Characters 4.1 - 4.5. Colour of pterothoracic sterna. 

Ventral coloration among species of Dytiscus is 
variable within species as well as within species-groups, 
and both apotypic states have occurred independently ina 
number of lineages. Among members of Dytiscus, however, 
there is a generalized group trend from darker to lighter in 
ad ld colourflrelatedecharacterstH2< I¢f 342,84 3285 04.iie4 Ss see 
Table 3). All are characters of low phylogenetic weight. 


Character 7.7. Development of tip of median lobe of male. 
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The generalized exgroup form of the median lobe of 
dytiscines is discussed under the treatment of Character 
7.3. The derived state of this character unites the 
D. marginalis- and D. dauricus-groups. Within the latter, 
absence of the apotypic state from male specimens of 
D. latissimus and D. alaskanus represent secondary, 
independent losses, as discussed under Characters 4.6 and 
4.7 above. 

Character 7.9. Extension of pre-knob portion of median lobe 
of male. 

The apotypic condition as represented by members of the 
D. marginalis-group consists of a narrowing and elongation 
of the pre-apical portion just before the apical knob. The 
apotypic condition of this character is distinct from that 
of Character 7.11, discussed below, in which the entire 
pre-apical portion is narrowed. 

Character 7.2. Curvature of apex of median lobe of male 
(lateral view). 

The primitive form of the median lobe is discussed 
under the treatment of Character 7.3. Subsequent 
modification of this basic plan has occurred many times in 
the history of the subfamily (group trend, e.g. see 
Roughley and Pengelly 1982). Within Dytiscus, there is 
evidence of the plesiotypic state of this character in the 
plesiotypic members of two lineages (D. verticalis and 
D. harrisii) and of three independent derivations of the 


apotypic state (D. sharpi, D. pisanus, and all but two 
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members of the D. dauricus-group). This character is similar 
to Character 7.3 in that conversion to the apotypic state is 
probably easily accomplished and is thus considered to be of 
low phylogenetic weight. 

Character 7.10. Relative development of knob of median lobe 
of male (dorsal view). 

The apotypic state of this character is relative and 
Subjective. However, the distinctiveness of the change is 
apparent. The apotypic state of this character would be 
Coincident’ with that of Character’ 7.11 if it were not for 
D. circumf lexus, males of which have a very distinctive 


apical knob, but the apex is not excessively narrowed. 


4.3.3 Evolution of genitalia of males of Dytiscus 

I have assigned form of the median lobe of male 
genitalia some importance for both recognition of species 
level status and for phylogenetic analysis. The male 
genitalia are much more than simply a set of characters, and 
must be treated as a functional evolutionary unit. 
Therefore, the purpose of this section is to trace the 
history of the male genitalia as detailed by the 
reconstructed phylogeny proposed (Figure 30). My method has 
involved description of a hypothetical type of genitalia, to 
which are assigned the characteristics I believe to be 
primitive, and then to discuss the form and modification of 
the median lobe from primitive through derived 


species-groups. 
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Ancestral dytiscines probably possessed a J-shaped 
median lobe with the longer portion, or shaft, 
parallel-sided, with an unmodified, straight, blade-like tip 
(based in part on Roughley and Pengelly 1982:280). Located 
dorsally on the median lobe are two lateral and one dorsal 
flange, which form a guide, or channel, for the 
spermatophore during copulation (Demandt 1924). This form of 
median lobe, except for the straight tip, is seen in extant 
Prodaticus, a basal hydaticine, and Hyderodes, a basal 
dytiscine. 

Coincident with origin of the genus Dytiscus was 
derivation of a median lobe with a triangular cross section 
(see Point 5 in Section 4.2.2). The plesiotypic, blade-like 
condition was modified by lateral extension of the sides and 
perhaps also by a strengthening of the ventral ridge. These 
Steps have created the triangular form of the apex. The form 
of the median lobe closest to this ancestral type within 
Dytiscus is seen in specimens of D. verticalis (Fig. 14A), 
and D. harrisii (Fig. 14B). 

Earlier, I discussed the form of the apex of the median 
lobe as the major taxonomic criterion for delimiting species 
level taxa, and noted the uniformity of this character 
within species. This implies that there is selection for 
uniformity within species, and that difference in form of 
the apex of the median lobe could be an isolating mechanism 
for species. This latter point is exemplified by members of 


the D. hybridus-group (Figs. 14B-D, 15A). As mentioned 


aey Vane. et th. an 


ane <r 
begaia~t. 8 pete biden eioinei se : she / 

oP eee: vo nebiwog tepact edt: satws 

i4 si iL -abehd se aeree ~osiiibownt: as Ad bwes | 
betesod .(088 ;SBO? wllaggs® ane yotdguest mo SEQ a, 
anc She ranetal owt o16 edol asitem sd2%n 


7 
iy 


: sae 


i iris 
oe 
ey, Pale |. 
ait to] . fewtenta wo ,aGivo-s MIL tdw -epas 
no} eet . (0SOt 4iaaet). netvategan goizehe 
"637Nea mf Ogee ar. , oid savrerse, eng ae jqsaKe iol a ip 


sded 9 a OONEDYY Gs” etbodvayt Leesd sell 


sev. mute | PvO aitawp arte) es nEQEyo tabu, deeb is 
s92 ended? sniyphettd i didw ogee eather: & to agit 
sdil-ebels ,viguzotesta eA” (eee rotazee’ nb 2 antes ¢ 
ne 29 be Sth ito notenedxe Laegegei we bol libom. aaa. neh td 
2p00T web Sourney edd. do grain tears 3 38 & ao ene 4 a 
m204 ef? .xege ett Fo wads silage ena tiesaste | a ae 
w sqy?t Lextagpnta Bit) eg tasdo ss edol pee ' 
(Ady .pid) @) teatime 4 3e eciehbaegh Ob age ab’ | ah { 

iter 929) Meeinnets 

vie 


ssibe ot to gege end Yo a0 — tieanvoeid: I wm neal 


Gare 


foi daqe prisenitieh vor, nol seeker imonenns Rial vaca sit 
vetanrad> aise 3a\ytiarotinw gee Goer0n bite | 

Wi noigneiee ai diais se wei:tegni ai at . " ist rel 

% aol aut wonetettih tedia Be ennai en 
me ings des en ratowi fe sd blvo.edel adigen era 3 
to atednem Vi BaP Lqmens ai satoq r6¢¢I%al aid? |, 
benskanem aA .4AEt .O-U0r opi) quosprms 


7. » Lt : 
\ ; See : rs : 
f ; 
i. 


+ ARN ate mee | oF aa > a 


196 


above, D. harrisii has the plesiotypic form within the 
group. The median lobe of D. marginicollis is similar to 
that of D. harrisii except that the tip is abruptly 
deflexed. The widely allopatric D. hybridus and D. habilis 
have shortened lateral flanges, lack distinct lateral 
ridges, and have slightly (D. hybridus) or more prominently 
(D. habilis) modified tips. In addition, the pre-apical 
portion of the median lobe of D. hybridus is slender, 
whereas it is greatly thickened in male D. habilis. In 
Summary, modification of five characteristics within three 
Species has produced four radically different forms of the 
median lobe. 

Within the D. semisulcatus-group (Figs. 15B-D, 16A-B), 
the nominate species has the median lobe similar to that of 
the plesiotypic form but less triangular and with the dorsal 
flange greatly elongated. An elongated dorsal flange is 
found in three other species of the group (D. sharpi is the 
exception). All but the nominate species have the tip 
abruptly deflexed, although it is more deflexed in D. sharpi 
than in the others, and males of this taxon also have the 
tip modified. The median lobe of D. carolinus and D. hatchi 
lack any remnant of a lateral ridge, whereas that of 
D. fasciventris exhibits it, although only apically. 
Conversely, the median lobe of males of D. carol] inus and 
D. fasciventris share a curious subapical depression when 


seen in dorsal view. 
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It 1S interesting that the members of this group are 
largely allopatric and yet show a high degree of divergence 
in the form of the median lobe and that the three Nearctic 
species have the most similar form of the median lobe. The 
former is probably due to the long isolation of the species 
of this group, and the latter to more recent speciation 
among them than between them and the other members of the 
clade. Members of this group exhibit modifications in the 
same five characteristics found in the D. hybridus-group, 
but show more stages of some of these (j.e. deflection of 
the tip, reduction of lateral flanges, and effacement of 
lateral ridge) and added another characteristic (dorsal 
depression). 

The D. dimidiatus-group is characterized by a rounded 
tip of the median lobe (Figs. 16C-D, 17A-B). All have the 
apex deflexed, and all but the Nearctic D. cordieri have the 
tip quite broadly rounded, with distinct lateral ridges. 
Specimens of D. cordieri exhibit some characters of the 
plesiotypic form except those noted above, and the swollen 
area above the place the lateral ridges would normally be 
located. Specimens of the Palearctic species D. mutinensis 
and D. dimidiatus are very similar in form and, as argued 
in the text, this is perhaps best considered as an example 
of recent speciation. Co-occurring geographically with these 
latter two species is D. pisanus of which the apical portion 
of the median lobe has a host of unique characteristics, 


such as very broad tip, sinuate lateral margin (in lateral 
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view), and great development of ventral setation towards the 
apex. Members of the D. dimidiatus-group thus show, in form 
of, and subsequent modification of the median lobe, few 
Similarities to the previously discussed species-groups of 
Dyt iscus. 

Both the D. marginalis- and D. dauricus-groups are 
characterized by presence of a distinct knob on the median 
lobe (secondarily lost by members of D. alaskanus and 
D. latissimus of the latter species-group). The 
D. marginalis-group (Figs. 17C-D, 18A-B) is unique because 
of the extension of the pre-apical knob portion 
(Character 7.9). All species have subequal flanges, distinct 
lateral ridges, and a general similarity in form. There are 
minor differences in shape of the knob when seen in ventral 
view, and the relative thickening of the ventral ridge. All 
of the four forms included in this group occur exclusively 
in the Palearctic region. Of these only D. marginalis 
czerskii and D. delictus are broadly sympatric. In the 
latter, the apex of the median lobe is stouter and the 
distance from the tip to the dorsal flange is appreciably 
shorter. Therefore, in this group of species, the integrity 
of taxa is perhaps more sustained by allopatry and other 
differences in life history than by divergence in form of 
the median lobe. 

As mentioned previously, two members of the 
D. dauricus-group (Figs. 18C-D, 19,20) have lost the apical 


knob of the median lobe, yet the median lobe of both species 
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remains qualitatively different. All species have deflexed 
apices, distinct lateral ridges and subequal dorsal flanges. 
The apical portion of the median lobe is flatly arched in 
D. circumcinctus (using the lateral ridge as a reference 
point), and more abruptly arched in more advanced species 
(except D. alaskanus), which also have sinuate lateral 
margins (in dorsal view). Members of D. cCircumcinctus and 
all other advanced species have well-developed sensory-type 
pores on the apical knob. Their function is unknown to me. 
Specimens of D. Circumcinctus, D. thianshanicus, D. latro 
and D. sinensis all possess a quite prominent knob at the 
apex, and the latter three taxa have a distinctly thinner 
pre-apical portion (in dorsal view) which produces an even 
greater prominence of the apical knob. 

As in the D. marginalis-group, the degree of 
differentiation between species based on the form of the 
apex of the median lobe is less dramatic within the 
D, dauricus-group than in the D. hybridus- and 
D. semisulcatus-groups. However, within the 
D. dauricus-group, unlike the D. marginalis-group, many 
species of the former occur sympatrically. This could be 
interpreted as reflecting less reliance on the median lobe 
as an isolating mechanism, although the fact that each form 
of apex is distinctive somewhat negates this. It seems more 
reasonable to suggest that at least some members of the 
D. dauricus-group have arisen more recently than have 


species of some other groups, and therefore have had less 
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available time for divergence. Other isolating factors 
associated with life history could be operating to augment 
the mechanical isolation supplied by genital differences. 

Of the six species-groups recognized within Dytiscus, 
members of two (D. verticalis- and D. hybridus-groups) have 
a median lobe which appears quite similar to that 
reconstructed for the hypothetical ancestor of the genus. 
Plesiotypic members of the D. semisulcatus- and 
D. dimidiatus-groups show some but not extreme modification 
from the ancestral type. In the D. marginalis- and 
D. dauricus-groups, the common presence of an apical knob 
places them as quite derived from the ancestral type. 

Parallel, dramatic changes in form of the apex of the 
median lobe characterize species in the D. hybridus- and 
D. semisulcatus-groups. A high degree of differentiation is 
found in members of the D. dimidiatus-group as well. The 
D. marginalis- and D. dauricus-groups show comparatively 
less within-group differentiation, and yet the presence of 
the apical knob is certainly a strong isolating mechanism 
between these two groups and the four more plesiotypic 
groups. 

In summary, there is a transformation series shown by 
the species-groups of Dytiscus in the form of the apex of 
the median lobe. This series is disguised by within-group 
changes, and is apparent only after examination of the 
plesiotypic forms within each species-group. That the 


plesiotypic member of each group exhibits a form of median 
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lobe most similar to a hypothetical ancestor of that group 
probably reflects heavy emphasis on the median lobe for 
construction of the proposed phylogeny, within 
species-groups, in the first place! The same is not true, 
however, for comparisons between groups, where, as mentioned 
elsewhere, other characters such as form of the metacoxal 


precesses were more heavily weighted. 


4.4 Evolution of Dytiscus: Ecological aspects 


4.4.1 Introduction 

The adaptive zone of members of Dytiscus, as for most 
dytiscids, is that of an active swimming predator which 
moves vertically through the water column. Adults of 
Dytiscus have more of a lateral component to their movement 
within the water column than do larvae. Larvae and adults 
must regularly visit the water surface for respiration. This 
adaptive zone imposes certain restrictions and allows 
certain adaptive opportunities in the life history of 
members of Dytiscus. 

The purpose of this section is to explore some of these 
ecological restrictions and opportunities, particularly as 
they relate to evolution of selected species of Dytiscus. A 
discussion of the systematics of Dytiscus can be considered 
hobrstiec: only if it inconporetes a reconstructed phylogeny, 


knowledge of earth history, paleontological information (if 
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available), and consideration of morphological and 
ecological aspects of the evolution of this group (see Allen 
and Ball 1980:557). 

Most of the ecological relationships discussed here are 
preliminary hypotheses. The natural history information 
presented here for the Nearctic species is based on my own 
Fieldwork, except where noted. This discussion is biased 
toward Nearctic species because of first-hand experience 
with them. These relationships must be considered as 
preliminary hypotheses because of the nature of the method 
by which the information was procured. As a taxonomist, most 
of my collecting or sampling is qualitative. I have not 
subjected any of my hypotheses to rigorous quantitative 
analysis, nor have I collected the information in a manner 
which would allow such analysis. I have simply thought about 
where and how I collected the specimens, and tried to 
formulate patterns from these observations. These patterns 
form the hypotheses about natural history of species of 
Dytiscus presented below. Although not rigorously analyzed 
and tested, I offer these patterns here both as suggestions 
for further study of the natural history of Dytiscus, and as 
preliminary explanations of other features of evolution 
within this genus. 

In the following sections, I first present some 
information about general features, such as food, discuss 
some aspects of way of life of Dytiscus, Dytiscini, and 


Cybisterini relevant to these general features, and conclude 
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with a comparative analysis of features of the D. verticalis- 
and D. hybridus-groups. This discussion is restricted to 
these groups because they are plesiotypic within Dytiscus, 
and are exclusively Nearctic groups so that I have field 


experience with all member taxa except D. habilis. 


4.4.2 General Features 


4.4.2.1 Food 

At most localities where I have collected specimens of 
Dytiscus, food did not appear to be a limiting factor in 
determining beetle abundance. Larson (1975:395) observed 
that tadpoles were the most common prey of larval Dytiscus 
in Alberta. I, however, found gammarids (which were 
vigourously eaten by laboratory reared larvae) to be the 
most abundant prey animal at sites where larvae were common. 
The number of prey organisms required for larval development 
is amazing. For instance, Blunck (1924:726) showed that 
development of third instar larvae of D. marginalis 
marginalis, at a constant temperature of 17-18°, could be 
completed in as little as 15 days, but only by consuming 27 
tadpoles of 25 mm length per day. Also, Blunck demonstrates 
that duration of larval stages was dependent on number of 
prey available, given a constant temperature. Third stage 
larvae, reared under conditions similar to those above, 
commonly required in excess of 50 days if fed fewer than 


three tadpoles per day. 
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The range of acceptable prey of adult and larval 
Dytiscus is extremely wide (Wilson 1923, Blunck 
1924:630-637, Galewski 1971), consisting of any animal large 
enough for them to handle and which attracts attention by 
quick movement. This includes larvae of the same and other 
Dytiscus species. The overall aggressiveness of larvae is 
well demonstrated by the recent observations reported by 
Drummond and Wolfe (1981) of a third instar larva of 
D. marginicollis killing a 192 mm long neonatant garter 


snake. 


4.4.2.2 Predators 

In most habitats where they are abundant, species of 
Dytiscus form the top consumers of the food web. The major 
predators of Dytiscus larvae and adults are other specimens 
of Dytiscus and vertebrates such as fish, ducks and geese. 

In fish hatcheries, where the fish are of a smaller and 
uniform size, DytiscuS specimens are considered a serious 
pest (Blunck 1916b, Wilson 1923). In natural situations, 
larger fish probably constitute very important predators of 
Dytiscus (e.g. see Natural History of D. lapponicus 
disjunctus). Collecting experience supports this contention. 
Specimens of Dytiscus are abundant in sloughs of western 
Canada, which are generally devoid of fish. However, in 
those sloughs used for rearing trout aS a Summer crop, 
Dytiscus are abundant in spring, but absent by autumn. 


Similarly, other water bodies with fish are generally 
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unsatisfactory places for collecting Dytiscus. 


4.4.2.3 Parasitoids 

The general potential role of egg parasitoids in the 
natural history of Dytiscus is well summarized by the 
following statement by Jackson (1964:95): 

"Only in eggs of D. marginalis laid in early spring 

have I found a complete absence of parasitoids, and 
the early laying of Dytiscus must be an important 

Factor for Its survival...” 

Jackson's suggestion that selection pressure by 
parasitoids would lead to a trend to early season 
Oviposition implies that activity of adults and development 
of eggs and larvae would have to take place in increasingly 
cooler water. Furthermore, if this trend is applicable to 
members of the whole genus, then more advanced taxa could 
have distributional ranges exploiting this physiological 
attribute. Thus selection pressure from egg parasitoids may 


be preadaptive for life in more northern habitats. 


4.4.2.4 Oviposition sites 

One important feature of habitats associated with 
successful propogation of Dytiscus is presence of aquatic 
vascular plants such as Acorus, Iris, Alisma, Sagittaria, 
Potamogeton, Glyceria, Scirpus, and Typha (Balduf 1935:37), 
which are preferred oviposition sites. Choice of these may 
be due to the oxygen supply provided by the plants to the 


relatively large eggs characteristic of members of Dytiscus 
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(Balduf 1935:39). The ovipositor of female Dytiscus is 
blade-like and well suited for endophytic egg deposition 
(Wesenberg-Lund 1912:27-31, Galewski 1971b:513, 615-621). 
Therefore, reproduction usSually takes place in permanent 
ponds where such plants are found. 

OccaSionally, larval development will take place in 
temporary ponds. Wiggins et a]. (1980:108, 163) and James 
(1970) have shown that larval development of such species as 
D. fasciventris can be completed in temporary vernal ponds. 
In such situations, females probably oviposit either into 
some form of amphibious plant such as Jris or into flooded 


terrestrial plants. 


4.4.3 Habitat of origin of Dytiscus and Dytiscini 

Members of Hyderodes (Watts 1978) and more plesiotypic 
members of Dytiscus (such as D. verticalis) are associated 
with shaded ponds in deciduous forests. In the absence of 
contradictory information, I assume this to be the habitat 
Ofhboriginnrof Dytiscan#e<eOccurrencerofttaxatiniothershabitats 


is therefore considered as a derived feature. 


4.4.4 Body size and the adaptive zone of Dytiscini and 
Cybisterini 

Among dytiscids only two tribes have members which are 
consistently in excess of 25 mm in body length. These are 
Cybisterini and Dytiscini. Presuming that this similarity in 


body size combined with the common adaptive zone of members 
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of these tribes can be used as a rough guide to niche use, 
then one prediction which I made and subsequently tested was 
that the members of one tribe (Cybisterini) could be 
competitively excluding the other (Dytiscini). Such a 
generalization applies only within broad limits and is 
subject to numerous exceptions, particularly with respect to 
habitat and behavioural specializations. Distributions of 
these tribes show marked parapatry on a global level (data 
BorkGybistermnaafrom Brinck 1945, and that for Dytiscini 
from Watts 1978 and the present study). Cybisterini are most 
diverse on the land masses where Dytiscini are absent. For 
instance, in Canada the genus Cybister is represented by 
only one species which extends only into the extreme 
southern portions of Ontario and Quebec (Roughley, 
unpublished data), whereas Dytiscus is markedly diverse in 
this country. Similarly, Cybisterini are most diverse in 
Africa where Dytiscini are absent. Based on this 
information, I predict that individual members of 
Cybisterini (as a general trend) are competitively superior 
to members of Dytiscini. Also, it seems logical to suggest 
that members of at least one of these tribes has relatively 
recently invaded the niche space (Via body size) of the 
other, or that they have recently converged in niche space 
(via body size). This is quite likely, since both groups 
were present and had their early evolutionary history on 
southern Gondwanaland. In aggregate, Cybisterini are more 


diverse than, and show a greater range of body size and 
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other features, suggestive of more evolutionary plasticity, 
than do the aggregate Dytiscini, and I therefore suggest 
that Cybisterini have recently invaded the niche of 
Dytiscini. A modified version of Erwin's (1979:542) taxon 
pulse is sugested as the mechanism by which the latter took 


place. 


4.4.5 Ecological aspects of D. verticalis- and 


D. hybridus-groups 


4.4.5.1 Body size 

Despite problems associated with measurements of adult 
Specimens (Section 2.2.2), it is clear that the five members 
of these species-groups comprise two groups based on size. 
Specimens of D. verticalis and D. harrisii are larger than 
specimens of D. hybridus, D. marginicollis, and D. habilis 


(Tables 2 anda 7). 


4.4.5.2 Habitat characteristics 

Characteristics of the habitats of members of these 
species-groups are summarized in Table 8. All species live in 
lentic habitats, but specimens of D. harrisii also occur in 
relatively still water within a lotic microhabitat. Three of 
the other four species (D. verticalis, D. hybridus, and 
D. habilis) occur in both saline and fresh-water ponds in 
western North America and adjacent Mexico. In many 
moderately to highly saline ponds, D. harrisii is the only 


species of large dytiscid encountered. 
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4.4.5.3 Evolution with respect to habitat 

The presumed habitat of origin and therefore preferred 
habitat of early members of Dytiscus was shaded ponds of 
deciduous forests. In pre-Tertiary times, the broad-leaved 
deciduous forests covered much of Laurasia (Matthews 1979). 
Ponds in these forests were occupied by at least two species of 
DytiscusS: one larger and similar to D. verticalis, the other 
smaller and similar to D. hybridus. The progeny of these 
ancestors have retained an affinity for these habitats. The 
latter were presumably residents of deciduous woodland 
ponds, because: 1) this is the inferred habitat of origin; 
2) the woodland pond habitat has existed longer in North 
America than the grassland, saline habitat of 
D. marginicollis; 3) the lotic specializations of 
D. harrisii are apotypic and unique to it; and 4) adults of 
D. hybridus and D. verticalis, which occur in woodland 
pond habitats today exhibit many character states believed to 
be plesiotypic to these clades. These two species, then, 
have remained in the plesiotypic habitat. 

In Table 8, I have characterized D. harrisii as 
occurring in both lentic and lotic macrohabitats. However, 
in the species treatment of D. harrisii, I mentioned the 
possibility of its preference, at least for larval 
development, of still or slow-moving backwaters of sluggish 
streams. Larvae of D. harrisii which I have observed both at 
field sites and under laboratory culture behave differently 


than other species. The larvae lie flat, parallel to the 
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water surface, whereas those of other species rest in an 
S-shaped position. I believe this to be an adaptation to 
lentic portions of the lotic macrohabitat. Such a resting 
position would reduce the effect of any currents in this 
habitat. As well, many larvae are found lying among the 
floating stems and leaves of aquatic plants which are a 
common feature of this habitat. 

Part of the duality of habitat occurrence noted in the 
species treatment is explained if the original speciation of 
D. harrisil took place in lentic/lotic habitats, but, now 
having achieved species level divergence, this taxon has 
re-invaded pond type habitats. The larval behaviour is a 
remnant of evolution in lentic/lotic habitats. 

The phylogenetic position of D. harrisii indicates that 
it 1s probably derived from an ancestor common with that of 
D. hybridus, D. marginicollis and D. habilis. This ancestor 
would have occurred in woodland ponds, and given rise to two 
Sister taxa, one of which has led to D. harrisii. I 
hypothesize that divergence of the ancestors due to 
ecological specialization of D. harrisii took place in the 
following manner. A high percentage of permanent ponds have 
outlets. If a certain portion of the ancestor of this group 
of Dytiscus species occurred within the lentic/lotic portion 
of these outlet areas then a situation where rapid, 
divergent selection took place could have brought about 
speciation rapidly, especially if correlated with an 


increase in body size of D. harrisii. Such sympatric 
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speciation by ecological divergence has been demonstrated in 
other groups (see Futuyma and Mayer 1980, Hammond 1981a) 

Although there is evidence that D. hybridus remained in 
the plesiotypic habitat, further observations are needed to 
secure Similar confidence about the habitat preferences of 
D. habilis. The inferred phylogenetic postion of this taxon 
would suggest its populations have also remained in the 
plesiotypic habitat. If, however, it is found to be as 
alkali-tolerant as D. marginicollis, then a re-evaluation of 
its phylogenetic postion and ecological history of this 
group will be necessary. 

The habitat of D. marginicollis could have been 
affected by the uplift of the Rocky Mountains. As the 
resulting rain shadow spread and conditions became drier in 
western and southwestern North America, the ancestors of 
D. marginicollis presumably became adapted to more saline 
habitats on grassland. For instance, if the chemical history 
of Lake Bonneville (Hubbs and Miller 1948) can be used to 
generalize the history of ponds in the southwestern United 
States, the continuing fluctuation between saline and 
freshwater characteristics may have been slowly exploited by 
members of D. marginicol]is until the present day ecological 


tolerances of this species were achieved. 
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4.5 Evolution of Dytiscus: Chorological aspects 


4.5.1 Introduction 

The purposes of this section are to state my 
interpretations of various theories of biogeography, and to 
compare explanations of the observed distribution of 
selected species-groups of Dytiscus and Dytiscini. This is 
justified because each general theory or paradigm has 
limits, and elements of general theory are incorporated here 
into a more holistic theory called the synthetic theory. The 
theories discussed are: dispersal theory (including taxon 
pulses and competitive displacement); vicariance theory; 
ecological determinism; and the synthetic theory. Paradigms 
of biogeography are few, and none of those currently used 
are new. Most have gone through dramatic changes from time 
to time as they become popular or in vogue. At such times, 
these paradigms are revised and revitalized. Testing of a 
paradigm or theory of biogeography is analysis of relative 
amount of explanation, correlation and prediction that it 
makes about phylogenetic and chorological relationships of 
the taxa under consideration. Various ancillary 
considerations should be used to establish the probability 
of one paradigm (or a combination of paradigms) being more 
correct (j.@. of having the highest explanatory, correlative 
and predictive value) for a specified biota. Among these 
considerations are mode of speciation, degree of divergence 


or differentiation, degree of convergence, congruence 
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with other patterns similarly analyzed, state of 

knowledge of geological and climatic history of area under 
consideration, consistency between phylogenetic 
reconstruction and chorological pattern, and relative 
strength of phylogenetic reconstruction. These 
considerations are checks and balances to a biogeographic 
interpretation, and render this type of analysis dependent 
on other kinds and sources of information. Because of this, 
a biogeographic scenario for a group may have appreciable 
value if the proper kinds, sources and amounts of 
information are used, but at the same time, it suffers the 
weakness of having to draw on such a broad base of support. 
For instance, my interpretation of chorological aspects of 
DytiscusS would undoubtedly be very different if it had been 
written before modern knowledge of plate tectonics was 
achieved. Similarly, my interpretations would probably be 
quite different if it were written some time in the future. 
In order to extend the time that an interpretation is 
useful, it seems to me that the most effective means is 

to take into account, as thoroughly as possible, 
possibilities for cross-checking the information presented 
by means of the various considerations mentioned above. 

My treatment of chorological aspects of Dytiscus begins 
with a brief statement of various paradigms of biogeography 
which are or could be used in explanation of the pattern. 
The stimulation to write this section came from the brief 


synopsis presented by Heyer and Maxson (1982). I have 
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modified the limits they established for some paradigms, 
extended the discussion of most, and excluded still others 
(j.@. island biogeography) depending on their seeming 
relative importance in explantion of the zoogeographic 
pattern shown by Dytiscus. I must stress that division into 
separate theories is, to me, artificial. I have rejected 
portions of some paradigms and amalgamated the remainder 
into what I term "Synthetic biogeography". It is important 
to state the degree to which each paradigm is used in the 
interpretation. Too frequently, I have been attracted to 
papers which advertise in the title or keywords a particular 
type of biogeographic interpretation, only to find upon 
reading the paper, that the analysis provides little 
information about that particular paradigm. 

Subsequent sections present my interpretation or 
explanation of the observed distribution pattern of genera 
of Dytiscini and of the species of the D. verticalis- and 
D. hybridus-groups. (These groups are treated for the 
reasons stated in Section 4.4.1.) The zoogeographic 
recontruction is the most parsimonious explanation of the 
Hee panier of extant and fossil members, and the 
phylogenetic arrangement of members of Dytiscini. Because it 
is hypothetical, I have avoided overuse of such words as 
Horobably” » sipresumably ™ or s"possibly” "except where (1 
believe re-emphasis of the tentative nature of the 
reconstruction is warranted. For the same reason, I have 


stated the corollaries of the hypothesis, for it is in this 
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way that the hypothesis may be tested (Ball 1976). 

When reference is made to such areas as "Africa" in 
earlier geologic time, I refer to the geographic area 
recognized as that continent today, although in the past, 
the physical dimensions and relative positions of the 


continents were quite different from those of today. 


4.5.1.1 Dispersal theory 

The traditional explanation of this theory involves two 
major elements: 1) one or more centres of origin, or source 
areas, and 2) movement or dispersal from this source area. 
From the centre of origin, sequential dispersals of 
increasingly advanced taxa spread out (/j.e@. overcome 
dispersal barriers), and eventually achieve the observed 
pattern. Successive dispersals or pulses of more advanced 
taxa competitively displace older, more plesiotypic taxa. 
Information used from reconstruction of the chorological 
history of groups are such things as numerical abundance as 
evidence for the centre of origin, degree of differentiation 
of taxa, and extent and area of their distribution. Fossils 
also provide some information about the proposed centre of 
origin, but provide more information about time of 
dispersal. The advent of explicit and rigorous methods for 
reconstruction of phylogenies has allowed incorportation of 
distribution of sister-groups as well. 

The sequential nature of the dispersal theory is well 


illustrated in the classic study of Wilson (1961), who 
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termed the process the taxon cycle. It represents a 

more precise compilation of Darlington's (1957) ideas. Erwin 
(1979) extended the concept of this element of the dispersal 
theory, and proposed the more appropriate name 'taxon 
pulse'. Erwin gives many examples and detailed discussion of 
taxon pulses in the mainland carabid fauna. 

Taxon pulses consist of a series of waves of invasions 
from one or more centres of origin into previously 
unoccupied regions or habitats. Earlier arrivals occupy 
generalist habitats, but subsequently invade previously 
unexploited niches. Later arrivals represent widespread 
ecological generalists. The mechanism affecting the earlier 
arrivals is a combination of niche specialization and lower 
competitive ability so that they become specialists of 
restricted range. Taxon pulses, then, require dispersal from 
one or more centres of origin, and differentiation, which 
eventually results in specialization by means of divergence, 
accompanied by ecological specialization and displacement by 
the later arriving ecological generalists. A mainstay of 
ecological theory is the belief that two species cannot 
occupy the exact same niche in the same range at the same 
time. A corollary of this is the prediction and observation 
that geographical exclusion of one of any pair of species 
which fulfill these criteria will result (see Arnold 1981 
for review). Such displacement operates at the species level 
by individual interactions, but should be observable at both 


the species level and at higher taxonomic levels such as the 


ats 


< 


s zidsesTyeT a stage aout orf 

‘iwet .vapbi (Teer) 2 nedeniesde ya notsaliqueei 
[aerocei® oft io aaeAietonetne 40 saat oA? 
| noes” -simBa seat mipages atom nity ene: “ 

> noraavoers beliseseD BAS. eolamexe a sevig- Bry ‘ 
enti badawes btadn iam ada ok” 


sevnl 20 Fa ew 9 sories 6 26 Setenge eon iug. ¢ 
us . 


- 


jini ‘arpa we t0 edad S20 ae 
i YVewedo alavinge el lug! aeeziodngs > noolger i 
iq esbevni el tneigerdue sud aa 


° 
: , 


,iqeebiy toaesieds elevigite stad .2etese bed! 
19 6p edd pul tuetia deitenssi sat .a1at ketenes | 
tid 
pe » noPtAci lataege Saver’ to aciganidmos oy bah a 
> ave tisisene emeoga Yeahs, Jead o@ rites 
mia bcnrbdath si iypst- ,. neds asefug exey spa aa 


an ge 
tw .noldatiasaett to Bank (ARE? ie aersnee eT 


soerrev iS fo easem yd mOL tes? iaibe at mit arkwaet "y 
: . ! 


yatantam A. .eeeriay sabi Leoive hogs chai ca sail 
en 
2 4 yor 
Jase? 28/5902 5% cd adit ait 21 ys0e89 hone ee 
| | ; | an 
4né2e, 4ii ts apnea: ‘Sige! ‘atte nt aster Sine ad end ygu 


ed scomacel@gedb bra/do23 pnt beloage inaiphtoss ed. 


=r 
GoR Tey AeeKS Bis «no? t: “Ebs3g ed bi Bhas 29 rnd Ihab Ae 
a a 
SAL 


“2 wee 
set <a 


piling io t£80 es in” sre! 10 sonatas isste 
‘aig bt oNA 92) Jfuest buéw ai7eaeae sped? Liz 


ra) 
: Tyvet eat hak ar sit $6 29783 2346 jriatto oe are 
® 7 
eg dood 16 oldpviaedo ae Scanner f 
a ‘ 


a 


epee 


geil 


se ti 


: 
ee 
Se 


ra 


generic level. The latter should only be so if at least some 
of the species of the genera concerned occupy the same 
niche. Further discussion of dispersal theories is provided 
by Darlington (1957), Erwin (1970:184-208), Simpson 
(1978:153-162) and Udvardy (1981), and references cited 
therein. 

Important weaknesses of this model, cited by its 
critics, are: 1) reliance on dispersal from centre of origin 
to achieve observed patterns, 2) lack of explanation of 
recurrent patterns of distribution called "tracks", 

3) rejection of continental drift, 4) rejection of 
allopatric speciation, and 5) difficulty of testing such 
hypotheses (@€.g. Croizat et a]. 1974, Platnick 1976, Rosen 
1978, and Nelson and Platnick 1980). Other defects in the 
dispersal paradigm are discussed in these papers, but are 
not considered further here. Most of these criticisms are 
fallacious for various reasons, and others are misconstrued 
artifacts of historical perspective. Some of these 
criticisms are discussed below. 

Every biogeographer seeks consistent patterns. This is 
the very nature of biogeography, and is not dependent on 
whether or not one proposes major use of dispersal to 
achieve ‘this pattern (@.g. Darlington 1957). At the same 
time, a summary of attempts to explain all patterns by 
dispersal can appear chaotic. The map of Handlirsch's (1913 
map 5, redrawn in Simpson 1978:154) compilation of all land 


bridges postulated up to 1913 is informative in this 
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respect. It appears from the map that no generalized 
patterns have been sought. I think it is more indicative of 
many different explanations (hypotheses) of many different 
recurrent patterns. Works for which dispersal was the | 
predominant explanation are legion and it therefore does 
not seem implausible that many different hypotheses have 
been erected. However, these are attempts to explain 
recurrent patterns. 

Implied rejection of continental drift is primarily a 
historical artifact. Previously, dispersal biogeography was 
hampered by inadequate information about earth history. 
Because of this, many early dispersal-type hypotheses seem 
to (and some do) verge on unbridled speculation in light of 
present knowledge of plate tectonics. Plate tectonics was 
only accepted by geophysicists after documentation of the 
1960's (Marvin 1973). Biogeographic interpretations (taking 
into account the delay in information crossing 
interdisciplinary boundaries) appearing before this time did 
not have available the requisite background information. 

Implications of rejection of the allopatric speciation 
model is partly correct and partly false. The role of 
barriers in speciation is evident throughout the history of 
biogeography (@.g. Nelson 1978). Other biogeographers have 
proceeded without a concise definition of the manner in 
which taxa are formed. Still others, such as Ernst Mayr, 
have certainly accepted allopatric speciation (1963), as 


well as disperalist explanations (see quotations of Mayr's 
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work in Croizat et a]. 1974). Alternatively, the role of 
other models of speciation, such as sympatric speciation, is 
becoming increasingly prevalent in systematic studies (e.g. 
Hammond 1981a, b). 

Testing of dispersal explanations is possible. The 
vicariance paradigm predicts that taxa are created by 
barriers that disrupt previously discontinuous ranges, 
whereas the dispersal paradigm predicts that taxa originate 
within certain areas, and subsequently move out of that area 
by crossing barriers, differentiate, possibly disperse 
again, etc. For instance, the D. marginalis-group occurs 
only in the Palearctic Region, yet members of D. dauricus- 
and D. dimidiatus-groups are Holarctic (Fig. 30). A 
Vicariance hypothesis would predict original presence of 
D. marginalis-group in North America, but subsequent 
extinction there (corroboration provided by discovery of 
fossils assignable to D. marginalis-group in North America). 
A dispersal hypothesis would predict that 
D. marginalis-group did not occur in North America 
(falsified by above). Similarly, the dispersal model would 
predict that any fossil specimens discovered on land bridge 
routes (e:g. North Atlantic or Beringian routes) will be 
assignable to members of extant, or to near ancestors of 
extant Nearctic taxa. Modern vicariance biogeographers (e.g. 
Croizat et al. 1974:269) espouse the view that the role of 
dispersal is modification of distribution of taxa created by 


vicariance. They believe that the only evidence of dispersal 
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is sympatry of species. However, I believe that dispersal of 
Organisms is a common phenomenon. Certainly, no biologist 
with a knowledge of the biota of glaciated areas (such as 
Canada), and of the extent of periodic glaciations, is 
likely to underestimate the power of dispersal. Almost the 
entire biota of Canada has been derived by dispersal, and 
this 1s particularly true of the dytiscid fauna (Larson 
1975:412-419). Consequently, the role of dispersal in 
biogeography is of extreme importance. 

A question which remains is the relative role of 
dispersal in explanation of source(s) of the biota under 
consideration. Specifically, does the dispersal paradigm 
explain the origin and source of taxa or only modification 
of range of already existing taxa? To me, this is a matter 
of scale. Higher taxa are more diverse in some areas than in 
others. Presumably, more speciation (allopatric or 
otherwise) has taken place there. Also, certain ancestral 
stocks have invaded new geographic areas and diversified 
within them. Thus, my answer to this question is that 
dispersal has played a role in adjustment of ranges, and 
that long-distance (/.e. land bridge type) dispersal has at 
other times provided the "raw material" for subsequent 


vicariance. 


4.5.1.2 Vicariance theory 


The following synopsis is distilled from Croizat ef al. 


(1974), Platnick (1976), Rosen (1978), and Nelson and 
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Platnick (1980). I have freely interspersed some 
implications and inferences required by this theory but not 
consistently stated by its proponents. 

Vicariance biogeography consists of a search for, and 
analysis of, recurrent patterns of distribution. The primary 
mechanism of speciation required by the theory is appearance 
of barriers which divide the continuous range of an 
ancestral taxon, with subsequent divergence of descendant 
taxa in isolation. This theory implies stability of 
communities over long periods of time and that constraints 
on dispersal are many and rarely overcome. Locations of taxa 
can and do change. Such implications are required by the 
recurrent patterns and the degree of stasis and panmixis of 
taxa within communities necessary for this theory to be 
effective. 

Occurrence of related taxa on presently discontinuous 
land masses, or in presently isolated habitats on presently 
continuous land masses, are evidence of previously 
contiguous ranges of ancestral taxa. Sympatry of ranges of 
closely related taxa is accepted as evidence of dispersal, 
however. Vicariance biogeography is not new (Nelson 1978), 
but became refined and revitalized because of juxtaposition 
with cladistic analysis. I cannot agree with Heyer and 
Maxson (1982:404) that "vicariance biogeography is more or 
less what used to be called allopatric speciation..." 
Vicariance biogeography is dependent on allopatric 


speciation, but, as mentioned above, it is possible to 
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accept allopatric speciation while rejecting the vicariance 
theory. Because vicariance is dependent on allopatric 
Speciation, mode of speciation for the group under study 
must be understood prior to application of vicariance 
theory. 

Vicariance biogeography is an extension of cladistic 
analysis of relationship of taxa based on structure, into 
analysis of relationship of these same taxa based on 
geographic space. It comprises a unit of phylogenetic 
inference referred to by some authors as chorological 
relationships. As such, it was one of the kinds of evidence 
used by Hennig (1966). Thus, the relationship between 
phylogenetic position and geographic space of taxa can be 
used in reciprocation to derive a more rigorous phylogenetic 
arrangement (Hennig 1966:148, Whitehead 1972:303). 
Vicariance biogeography shares with cladistic analysis the 
strengths of ease of hypothesis construction and testing 
(Ball 1976). It suffers the weakness of compounded 
hypotheses, assumption of a single mode of speciation, 
limitations of knowledge of earth history and related 
phenomena, and, in many studies, a lack of temporal control 
(e.g. fossils) on age of taxa. 

I think other weaknesses of strict application of 
viacariance biogeography come about because of the implied 
decrease in the role of ecological interaction between taxa, 
and lack of discussion (lack of explanation?) of such 


well-known phenomena as the role of taxon pulses in 
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faunation of islands. Adherence to a stable-community 
concept is not supported by evidence from study of 
Quaternary insect fossils (€.g. Coope 1970), which 
demonstrate large-scale changes in the range of species and 
that these are independent of past or present communities. 
Finally, another weakness is apparent in the observation 
that vicariance alone does not explain all observed patterns 


of distribution (Heyer and Maxson 1982). 


4.5.1.3 Ecological determinism 

This theory predicts that distribution of elements of a 
biota is determined by physical parameters (Heyer and Maxson 
1982:405-406). It represents the antithesis of both 
dispersal and vicariance theories, because it predicts that 
organisms occur wherever conditions are suitable for them. 
Therefore, any historical component to an observed pattern 
is denied. 

It cannot be tested. For instance, even if all 
ecological conditions are judged to be appropriate ina 
particular area or habitat for a specific taxon which does 
not occur there, it is possible to suggest that conditions 
are not really appropriate. Distribution of taxa does not 
therefore need to be explained. The most important feature 
of organismic distribution is discovery of the environmental 
conditions which limit the ranges of individual taxa. A good 
example of this kind of analysis is the detailed work of 


Tandrothe (e.g. Lindroth 1903) The high number of 
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correlations between limits of distribution and isometric 
contours of physical parameters is highly suggestive of 
causality, as Thiele (1977) points out. 

Heyer and Maxson (1982:405) suggest that it is possible 
to view ecological determinism on two levels. One of these 
is strictly causal, as described above, and, as such, offers 
nothing to the historical biogeographer. Another level, they 
Suggest, is that of habitat distribution of species 
correlated with a historical explanation. At this level, I 
think ecological determinism ceases to exist as an 
independent theory, and is incorporated into either the 


dispersal or vicariance theory. 


4.5.1.4 Synthetic theory 

This model takes into account seven major features: 
1) plate tectonics, 2) allopatric speciation as the major 
but not only mode of speciation, 3) occurrence and use of 
land bridges in the past and present, 4) correlation of 
ranges of taxa with ecological parameters, 5) dispersal as 
an important phenomenon in achieving distribution patterns 
in both the past and present (as indicated by occurrence of 
widespread taxa (e.g. D. circumcinctus)), 6) taxon pulses, 
and 7) competitive displacement. The synthetic theory as 
Stated here is not new, nor is it unique, but, to me, this 
approach explains more of the known aspects of earth history 


and biology than does any constituent element taken alone. 
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4.5.2 Zoogeography of Dytiscini 


4.5.2.1 Pattern and related information 

The tribe Dytiscini is comprised of two genera. 
Hyderodes is dibasic, and occurs in eastern Australia and 
Tasmania (Watts 1978), whereas Dytiscus contains 26 species 
and is confined to the Holarctic region. The tribe 
Cybistrini is the sister group to most Dytiscinae, including 
Dytiscini (Burmeister 1976; Roughley, unpublished data). 
Unfortunately the inter-relationships of Cybistrini at the 
generic level have not been studied. Cursory examination of 
characters and distribution of included genera, presented 
by Brinck (1945), suggest a widespread Gondwanian 
distribution with subsequent vicariance due to movement of 
continental segments. 

No fossil Dytiscini are known outside the present range 
of the tribe. Upper Oligocene fossils of Dytiscus from West 
Germany exhibit the synapotypy of sulcate female elytra 
characteristic of all species groups of Dytiscus except 
D. verticalis- and D. hybridus-groups (see discussion in 
Blunck 1913:31-33 and Guignot 1933:866-872; age of fossil 
Strata follows Borkent 1978 and references cited therein). 
These fossils provide a minimum age for evolution of this 
character state; probably it is much older. Crowson (1975) 
suggested that Dytiscidae arose before the end of the 
Jurassic. Distributional data from some tribes of Dytiscidae 


suchvasecybistrinis’(Brinck 1945), Hydaticini (Roughley and 
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Pengelly 1982), and Matini (Mouchamps 1964) suggest that 
certain tribes of Dytiscidae were established and widespread 
on Gondwana prior to the dissociation of parts of that 
continent. Dytiscids and other related Hydradephaga 
represent a quite old and zoogeographically informative 
lineage. 

Three distinct groups of Hydradephaga probably share a 
Similar zoogeographic history and are representative of an 
amphipolar pattern in the nomenclature of Crowson (1980). 
Two of these are dytiscids: Dytiscini as described above, 
and Matini with one Nearctic and two Australian genera 
(Mouchamps 1964, Watts 1978). The third hydradephagan group 
is the family Hygrobiidae, which consists of a single genus 
with one European and two Australian species (Zimmermann 
1920). I have been unable to find many other examples of 
exclusively Australian-Holarctic, Australian-Nearctic, or 
Australian-European disjunctions in the literature. Most 
taxa which have coincident distributions in these areas have 
members present in other continents such as South America or 
Africa. I have found only three similar patterns. The 
GUStrrbuti1on or Cul iseta (Diptera: Culicidae) is mentioned 
under ‘Enigmatic Distributions' by Mackerras (1970:194). 
Hammond (1975) and Klimaszewski (1979) discuss 
distributional and phylogenetic relationships of Holarctic 
Gymnusa and austral Stylogymnusa (Coleoptera: Staphylinidae: 
Gymnusini). Another example, cited by Crowson (1980) is that 


of the tribes Caenoscelini (Holarctic) and Picrotini (New 
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Zealand) of the beetle family Cryptophagidae. I believe it 
is significant that five of the six groups (excluding the 
cryptophagids) are associated with ponds, or at least bog 


margins and marsh habitats. 


4.5.2.2 Dispersal theory 

Darlington (1965) suggested that certain taxa presently 
occurring in Australia could be derived from southward 
dispersal of groups with a more northern centre of 
diversity. These taxa would use tropical Asia and the 
Indo-Australasian archipelago as a dispersal route. That 
this process is going on even today is illustrated by Howden 
(1977), who presented information concerning families of 
beetles, including dytiscids, found in beach drift in New 
South Wales, Australia. Unfortunately, Howden did not 
provide specific level determinations, but these species 
probably are members of the ecological generalist category 
typical of dytiscids of Pacific and other similar island 
groups (Roughley, unpublished data). Wind and water 
dispersal is important within this generalist category, but 
appears to play a minor role for such groups as plesiotypic 
Dytiscini. 

The possibility that Hyderodes represents a Gondwanian- 
age invasion from the north cannot be ruled out. That the 
invasion could be more recent than this seems unlikely for 
three reasons. First, the Australian representative, 


Hyderodes, posesses a suite of plesiotypic character states 
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(Table 3). The southward dispersal model would predict that 
the Australian taxa should be apotypic. Second, no members 
of Dytiscini are known from the intervening areas of the 
dispersal route. Third, members of Hyderodes are 
structurally quite divergent from Dytiscus. This, in 
combination with the information about the Upper Oligocene 
fossil above, argue for long separation of their ancestral 
stocks. Most reconstructions of the history of Australasia 
suggest that only relatively recently have these continents 
and islands come into their present positions relative to 
one another, certainly not prior to late Miocene-Pliocene 
(Adams 1981). Thus, it seems unlikely that ancestral 
Hyderodes arrived at the present position of the genus by 


means of recent dispersal from the north. 


4.5.2.3 Vicariance theory 

A vicariance explanation of the type of distribution 
shown by Dytiscini must be based on the assumption that the 
group was previously much more widespread. The group would 
have to have been widespread on Pangaea during the early 
Jurassic. Subsequent sequential rupture of this 
Supercontinent into its various plates produced a vicarious 
pattern with lineages of Dytiscini present on Africa, 
Antarctica, Asia, Australia, Europe, India, Madagascar, New 
Guinea, New Zealand, North America, South America, and 
Tasmania (/.e. a pattern similar to that of Platnick 


1976:104-105). This system proposes extinction of Dytiscini 
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on all presently unoccupied land masses (j.e. Africa, 
Antarctica, India, Madagascar, New Guinea, New Zealand, and 
South America). Subsequent evolution of the remaining 
northern or Laurasian stock led to formation of the genus 
Dytiscus, while the southern or Australian stock led to the 
genus Hyderodes. 

This is a relatively strict or narrow interpretation of 
the vicariance theory. The reconstruction is 
testable by means of the predictions that it makes that 
evidence of early Dytiscini will be found on the unoccupied 
land masses either in the form of presently unknown extant 
Species, or of fossil specimens assignable to Dytiscini. 

On the basis of presently available information, I 
reject this hyopothesis for three reasons. First, no data 
Suggest that Dytiscini occurred on these unoccupied land 
masses. Second, the number of extinctions on presently 
isolated land masses demanded by this hypothesis seems 
inordinately high. Third, and certainly the weakest argument, 
is that other taxa existing during the same presumed time 
frame and having undergone the same presumed vicariance have 
not disappeared from all of these unoccupied land masses 
(e.g. see summary of numerous relationships presented by 

Humphries 1981). 
4.5.2.4 Synthetic theory 
My explanation of the present distribution is as 


follows. Dytiscini originated in temperate southern Pangaea. 
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They have always been adapted to temperate forest ponds. 
They dispersed to Laurasia by way of a narrow 
corridor containing eutrophic ponds in lowland temperate 
forest. Dispersal to South America, Madagascar, etc. was not 
possible because of mountain ranges or similar areas of 
inappropriate habitats. Cybistrini arose in southern Pangaea 
in areas other than those occupied by Dytiscini, or, if they 
were present in the same area, they were not in competition 
with them. Cybistrines later invaded the niche of Dytiscini 
and replaced them in tropical Africa, or, Dytiscini were 
already absent because of a return to a less temperate 
climate in Africa. The dytiscine stock survived in temperate 
areas in the north and Hyderodes was either initially 
protected from cybistrine competition by the breakup of 
Pangaea, or, Australian cybistrines were at that time not 
in competition with Hyderodes. Although extant Dytiscus has 
been protected from cybisterine pressure by its adaptation 
to temperate conditions, Cybister has now entered the north, 
and competition may be underway at present. 

With respect to the similar patterns mentioned above, 
what are the chances of finding six groups which show only a 
Lavra sitancAustralidisjunctiion -'do: nottoccur voneany tother 
land mass, and with five of these six restricted to lentic 
aquatic habitats? Applying the reasoning of Rosen (1978), 
the probability is at least less than 1% due to chance, and 
this is highly suggestive of a common relationship. 


Similarly, the chances of all of these groups becoming 
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extinct on all unoccupied land masses seems prohibitively 
high, yet this is the prediction made by uniform application 
of strict vicariance. 

I believe an alternative explanation of this 
phenomenon, such as that above, which incorporates more of 
the known earth history and life history of these groups 
would be of more value. Therefore, I have used the synthetic 
theory to explain it. Similarly, with particular reference 
to the number of independent extinctions required by the 
Strict vicariance hypothesis above, I think a hypothesis 
based on a synthetic theory is more parsimonious and is more 
eaSily tested. 

This hypothesis predicts that an ancestral stock of 
Dytiscini was present on Gondwana and widespread only on the 
southern, temperate portion of the continent. The separation 
of the African and Australian plates was the event which 
separated the ancestral stock into lineages which would lead 
to Dytiscus and Hyderodes. It predicts that Dytiscini were 
prevented from colonizing such land masses as South America 
by barriers, and the present pattern was achieved by 
northward dispersal of Dytiscus along a temperate corridor. 
Upon attainment of Laurasia, this stock survived, flourished 
and diversified there. 

Perhaps one of the most common patterns used in 
vicariance biogeography is that of phylogenetic and 
chorological relationships of taxa found in Australia, 


southern South America and southern Africa (see summary in 
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Humphries 1981). This vicariance pattern has been studied 
for terrestrial groups associated with temperate forests and 
aquatic groups associated with cool, usually mountain, 
streams (@€.g. Chironomidae and Blepharoceridae: Diptera, 
Ephemeroptera, Plecoptera, and Trichoptera; see Winterbourne 
1980 for review). In this regard, the relationships of 
Dytiscidae are interesting. A comparison of the fauna of 
southern South America (Zimmermanm 1920) at the generic or 
Subgeneric level to that of the Australian (Watts 1978) or 
New Zealand (Ordish 1966, 1967) faunas reveals a striking 
dissimilarity. However, the fauna of southern Africa is much 
more Similar to that of, at least, Australia. Members of 
Dytiscidae prefer lentic habitats, usually in the form of 
ponds. Species of dytiscids which live in running or lotic 
waters are few and are restricted to quiet backwaters or 
Similar areas sheltered from direct effect of current. 
Therefore, they make use of lentic microhabitats within 
lotic macrohabitats (Roughley, unpublished data). 

Brundin (1966:452) discusses an Upper Jurassic 

",..continuous fold-mountain belt roughly 

corresponding to present New Zealand, West 

Antarctica} sthe lScotiataArcevandeSouthtGhi hey rbut 

probably also including now sunken Pacific fore 

islands. The dynamic arc formed the southern margin 

of Gondwana and was situated in a moist temperate 


climate." 


Such a continuous montane arc provided with an altitudinal 
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gradient would have provided opportunity for dispersal of 
terrestrial and lotic-adapted biota, prior to breakup of 
Pangaea. On the other hand, such an unglaciated mountain 
chain would have few suitable habitats for lentic-adapted 
biota. Such lentic habitats, which could have existed within 
these montane regions, were presumably more oligotrophic 
than lentic habitats at lower elevations, and thus would 
provide less than optimum habitats for obligate predators 
such as members of Dytiscini. This is particularly 
reinforced if southern Gondwanaland was at higher latitudes 
than at present (Harrison 1965). Three inter-related 
features of dytiscine life history suggest that such a 
mountain chain could have represented a barrier, effectively 
limiting dispersal prior to breakup. These are: presumed 
habitat of origin, information about invasion of 
oligotrophic habitats occurring late in evolutionary history 
of Dytiscus and the recent effects of mountains on 
distribution and vicariance of species of Dytiscus. For 
instance, in the species treatment of D. hybridus, the gap 
in distribution records for the Appalachian Mountains was 
noted, and the uplift of the Rocky Mountains in western 
North America is believed to have formed the barrier 
separating the common ancestor of D. fasciventris and 
Deunatcal. 

In summary, early members of Dytiscini were excluded 
from most of southern Gondwanaland by means of the same 


mountain chain which acted as a corridor for other taxa. 
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This hypothesis will be falsified by discovery of 
information predicted by the vicariance hypothesis. 
Separation of the African and Australian plates in the later 
Jurassic separated the ancestral stocks of Hyderodes and 
Dytiscus. This analysis has the ancestral stock of Dytiscus 
in southern Africa, while the present distribution is 
Holarctic, so the next step is explanation of present 
distribution and elimination of this stock from Africa’. 

Crowson (1980) proposes two explanations of amphipolar 
vicariance: 1) similar to that mentioned above under 
vicariance hypothesis, /.@€. extinctions in areas where these 
taxa do not occur today, and 2) these groups have always 
been limited to cool-temperate habitats and have crossed the 
tropics along corridors or during periods of cooler 
climates. Cool-temperate habitats were presumably widespread 
throughout tropical latitudes during at least the late 
Cretaceous based on lowered sea temperatures at the equator 
given by Pearson (1964). If these widespread cool-temperate 
habitats existed and were of extensive size for a sufficient 
period of time, then the ancestral stock of Dytiscus (as 
well as that of other groups mentioned above and in Crowson 
1980) may well have followed a lowland dispersal corridor 
across the present day tropics of Africa and reached 
LauraSia. This corridor would of course be narrow enough 
(j.e. have an eastern and western barrier) to prevent 


‘Certain extant species such as D. cCircumflexus do occur in 
northern or Palearctic Africa, but this is almost certainly 
a secondary, perhaps Pleistocene, phenomenon. 
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dispersal into South America and Madagascar, and therefore 
is Similar to that proposed by Noonan (1973:476, Fig. 247, 
for the carabid genus Crassodactylus) . 

Absence of plesiotypic members of Dytiscini from 
present-day Africa may have been brought about by a variety 
of causes. Subsequent to the cooler climatic conditions 
referred to above, a warming of tropical latitudes would 
reduce the aereal extent of and eventually eliminate, the 
cool-temperate biota and habitats necessary for their 
continued existence in southern and central parts of Africa. 
The ancestral members of Dytiscini may also have been 
excluded from Africa by competition from members of 


Cybistrini (see Ecological Aspects). 


4.5.3 Zoogeography of clades of Dytiscus 


4.5.3.1 Introduction 

Cladistic relationships and distribution of species of 
Dytiscus is shown in Figure 30. Zoogeography of some 
individual species-groups is treated elsewhere. Distribution 
of species-groups allows hypotheses to be made concerning 
timing and mode of origin of these various component groups. 
Three possible hypotheses are presented for the derivation 
of this distributional pattern: vicariance, dispersal, and 
Synthetic. All three of these models predict that, within 
the D. semisulcatus-group, the Nearctic species form a 


monophyletic unit and that this unit demonstrates a 
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Sister-group relationship to at least one Palearctic species 
in the group (they are and do). The models predict that the 
Nearctic species of the D. dimidiatus-group have a 

Sister-group relationship to all Palearctic members of this 


group (they do). 


4.5.3.2 Dispersal theory 

A modified version of dispersal (j.e. allowing 
continental drift, etc.) predicts that the centre of 
evolution for Dytiscus was most likely the Palearctic 
region. The Nearctic fauna is derived by successive 
invasions of the following stocks: ancestor of 
D. verticalis-group, ancestor of D. hybridus-group, single 
ancestor of the three Nearctic species of the 
D. semisulcatus-group, ancestor of D. cordieri, and ancestor 
of the one endemic Nearctic species of the 
D. dauricus-group. The occurrence of two modern Holarctic 
Species would be due to recent dispersal and represent a 
modern analogue of previous invasions. 

Dependent corollaries of this interpretation are 
occurrence of between two (D. verticalis- to 
D. dimidiatus-group all using one and D. dauricus-group 
another) and five (one each for all species groups occurring 
pneNearctic)ddispersalecorridors. Lt%predicts occurrencesof 
widespread taxa on areas recently connected by land bridges 


(j.@. Holarctic species). 
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This hypothesis is more easily tested by isolated pieces 
of information, such as may be represented by a fossil site. 
For instance, co-occurrence of members of two species-groups 
at the same time on the same dispersal corridor would negate 
this hypothesis. This model predicts that members of each 
clade should appear in different strata and therefore 
occurrence of predicted fossils in transposed strata would 
also negate this hypothesis. The dispersal theory predicts 
that any fossil found on a dispersal corridor will be 
assignable to an existing or to an extinct species-group, 
but not show characteristics intermediate between two 
existing species groups. Similarly, this model would be 
corroborated if sequential distribution of lineages were 


found. 


4.5.3.3 Vicariance theory 

Applying strict principles of vicariance to the pattern 
illustrated in Figure 30, and because all but the 
D. marginalis-group occur in both the Nearctic and 
Palearctic regions, then all clades would have to have been 
present on Laurasia before the break-up of that continent 
into the two component realms. Thus, this hypothesis would 
demand that each ancestral stock of the individual clades be 
present and differentiated by at least 80 million years ago. 
Other dependent corollaries of this hypothesis are: 
extinction of D. marginalis-group in the Nearctic Region; 


and extinction of D. verticalis-group and D. hybridus-group 
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in the Palearctic Region. The only unexplained feature of 
the distribution pattern is that of two Holarctic species, 
and presumably this would be due to dispersal. 

Testing this hypothesis is not easy. No single easily 
obtainable piece of information (e.g. fossil locality) can 
falsify this hypothesis. This model predicts that fossils of 
all clades should occur in both zoogeographic regions. 
Strong support for this hypothesis would come from discovery 
of a fossil taxon assignable to the D. marginalis-group in 


the Nearctic region. 


4.5.3.4 Synthetic theory 

My interpretation of the history of clades of Dytiscus 
is as follows. Members of at least D. verticalis-, 

D. hybridus-, and D. semisulcatus-groups were present on 
LauraSia prior to 80 million years ago. The major vicariant 
event splitting each of these lineages was the Separation of 
North America from Eurasia. This arrangement suggests 
extinction of the former two species groups in the 
Palearctic region and that fossils assignable to these 
groups must occur there. 

The D. dimidiatus-group is more problematic because of 
the single North American species which possesses a number 
of plesiotypic character states and represents the 
sister-group to the Palearctic component of this species 
group. The qualitative divergence of D. cordieri from the 


remainder of the group is rather large and is perhaps 
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Suggestive of long isolation of the respective components. 
This could be explained if an early member of this clade 
were widespread between North America and Eurasia before the 
end of the Eocene. This hypothesis suggests that fossils 
exhibiting character states attributable to an ancestor of 
the D. dimidiatus-group should occur on the area which 
formed these North Atlantic land bridges (see Matthews 
1979). This hypothesis will be falsified if Nearctic fossils 
are discovered which are judged to be closer to the 
Palearctic complex within the D. dimidiatus-group. 

The D. marginalis-group did not reach North America 
except possibly by introduction by man. In the discussion of 
taxonomic notes of D. cordieri I interpret all previous 
records of D. marginalis as mislabelled specimens or perhaps 
of a short-lived introduction of this species. If human 
introduction can be eliminated and recent (or fossil) 
specimens of D. marginalis or D. marginalis-group are found 
in North America, this hypothesis will be falsified. 

The D. dauricus-group embraces two Holarctic 
(D. dauricus and D. circumcinctus), one Nearctic 
(D. alaskanus) and six Palearctic members (Fig. 30). 

D. alaskanus represents the sister-group to a set of species 
whose total range is Holarctic, but the majority of these 
are eastern Palearctic. Therefore, the ancestor of 

D. alaskanus could not have entered North America via 
Beringia before about 70 million years ago, but the invasion 


probably occurred much more recently than this maximum age. 
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4.5.4 Zoogeography of D. verticalis- and D. hybridus-groups 


4.5.4.1 Introduction 

At this point, I drop the system for discussing the 
various zoogeographic paradigms used above. In part, this is 
because at the species group level these begin to converge, 
and also because those two groups are exclusively Nearctic. 
My analysis of these groups falls under the synthetic 
theory, but with more reliance on vicariance aspects. 

The distribution of the five species in these groups is 
Summarized in Fig. 31, and their habitat affinities in Table 
8. In terms of distribution, D. verticalis is exclusively 
eastern, D. marginicollis is western, D. habilis is Mexican, 
leaving only D. harrisii and D. hybridus as widespread 
species significantly overlapping in range with every other 
species except D. habilis. 

I think that most (j.e@. except D. harrisii) speciation 
events in the history of Dytiscus have been allopatric. This 
is based on three types of information. 1) Specimens of 
Dytiscus are large for insects and possess relatively 
greater powers of flight. As well, there is some evidence 
(fable «4 )sithatea seature of their ite) cycelivsiboth a 
vernal and an autumnal dispersal flight. These would tend to 
increase the likelihood of genetic mixing both within and 
between populations. 2) There is a high degree of 
correspondence of chorological and phylogenetic position (of 


both extant and inferred ancestral species) with known 
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palaeogeological evidence which could have provided the 
barriers necessary for allopatric speciation. These barriers 
are commonly in the form of disjunctions in preferred 
habitats (D. habilis — D. hybridus) or mountain ranges 

(D. marginicollis). The importance of such habitat 
affinities and of mountain barriers is discussed above. 

3) If allopatric speciation is the major mode of speciation 
and assuming that little ecological divergence occurs 
Subsequently, then the expected pattern would be an 
assemblage of "vicarages" or ecological-geographical 
replacement. This is exactly the pattern shown by 

D. hybridus, D. marginicollis and D. habilis. This pattern 
of geographical replacement presumably is common within 
clades because speciation events separating them are 
relatively more recent, thus providing less time for 


ecological divergence. 


4.5.4.2 Synthetic theory 
The pattern of distribution and many details relevant 

to this discussion are discussed under Ecological Aspects. 
Therefore, this section only briefly dicusses the vicariance 
aspects of speciation within the group. Specimens of 
D. verticalis and D. hybridus prefer the habitat of origin 
of the genus. As well, the sympatric divergence of 
D. harrisii is discussed in that section. 

| A common ancestor of D. habilis, D. marginicollis and 


D. hybridus occurred in forest pond habitats throughout 
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eastern North America prior to the Miocene. Subsequent 
vicariance of ancestral D. habilis from the common ancestor 
of D. hybridus and D. marginicollis could have occurred 
because of development of a Miocene grassland barrier 
between forests of eastern North America and Mexico (Rosen 
1978, Roughley and Pengelly 1982). 

The common ancestor of D. marginicollis and D. hybridus 
probably lived on both sides of the slowly uplifting Rocky 
Mountains during mid-Tertiary times (Rosen 1978). The drier 
interior of North America created by rain-shadow and other 
effects of the uplifting Rockies probably divided the range. 

This hypothesis may be tested with the following types 
of information. 1) The phylogenetic arrangement of the 
members of species-groups is correct and will not be altered 
by means of testing of the cladogram as new characters and 
their character states are added to it. 2) Habitat 
associations as depicted above are based on few specimens. 
This information is generalized from field notes and 
laboratory study of these few samples. Is this extrapolation 
of habitat preference from study of a few specimens valid 
for the entire species? 3) The occurrence’of fossil 


specimens should be as indicated above. 
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5. Concluding Statements 
The foregoing represents but a preliminary organization of 
information concerning a group of fascinating beetles. There 
is much more information needed, particularly concerning 
structure, function, immature stages, life history, 
ecological interactions and evolution of species of 
Dytiscus: this, even though, as I stated in the 
introduction, D. marginalis is perhaps one of the most 
Studied species of beetle. Unfortunately, D. marginalis is 
unique in this respect among Dytiscus species. Other 
European species are much less well studied, yet much more 
is known about them than other Palearctic and all Nearctic 
species. The problem is the lack of potential for true 
insights into the evolution of these beetles which would be 
possible if similar studies on other species were available. 
ThHYS- 2S particularly true of information concerning natural 
history with which comparisons could be made and used to 
test the phylogenetic and ecological hypotheses presented 
above. 

Further questions, such as the function of sulcate 
versus non-sulcate elytra of females, pointed versus rounded 
metacoxal processes, importance of large size, etc., are, in 
my opinion, unsatisfactorily answered in available 
publications. Answers to these questions could be quite 
useful in understanding Dytiscus, but also may lead to 
important new interpretations of the evolution of beetles in 


general, and in aquatic habitats in particular. 
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Most broadly-based investigations of taxa generate more 
questions than are answered. This study in no exception. I 
have answered some questions, but have also, in one way or 
another, proposed questions which hopefully will lead to the 


next plateau of understanding. 
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forests: erythropus group systematics (Carabidae). 
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Table 1. Comparison of total length, greatest width, and ratio of total length - greatest 
width (TL/GW) of bottle-trapped specimens of D. dauricus Gebler from George Lake, 
Alberta, and values reported by Larson (1975:403) for specimens captured by 
unspecified methods. Values are mean + standard deviation, with ranges in parentheses. 
Sample size is 28 for both sampies. Lengths in mm. 


Collecting Method Total Length Greatest Width TL/GW 
Bottle trap 34.3 +0.8 LS 2e2l0.5 1.91 + 0.04 

(33.2 — 36.2) (17.5°=-19.1) (1.88 -— 1.98) 
Various methods 32.9 + 1.3 16-5: 0:7 1.93 + 0.04 
(Larson, 1975:403) (30.0 — 35.0) (15.5 - 18.5) (L836 — 2:03) 
Probability of a larger value for p<0.005 p<0.005 0.05<p<0.10 
t-statistic 


Table 2. Range of measurements (mm) of total length (TL), greatest width (GW), and 
ratio of total length — greatest width (TL/GW) for specimens of each taxon within 
Dytiscus. TL/GW not necessarily calculated from TL and GW presented here. 


Total Length Greatest Width TL/GW 
D. verticals 296 236.0 16 5=019.4 1:79"-~ 1:86 
D. harrisii 32.4 —- 39.0 164-42 1.9 L/S N.S8 
D. hybridus 24.2°- Zou 1207-7740 19OO7-- 2.02 
D. marginicollis ZO oo.O 13.4 —<218.7 1.76222. 10 
D. habilis 2a0e 27-5 12 2a 1.89 -— 1.95 
D. sem/su/catus PIPL 2 Soe BEG AS. MEOrs. ose [eed Wipe ea a) 
D. shar pi 27.333 0 14.6:>616.0 1.84 - 1.94 
D. carolinus PPL OV ES PAST TUG = 140 Leos 1.92 
D. fasciventris 22.0; 72k i Reperahoe§) hBO = 2°90 
D. hatchi 225 = 25.0 14.7 - 15.6 1.83 -—<1.95 
D. cordieri 2G 52 136 18h LOM Getrag ND) 
D. mutinensis 28.0 3317 14,0'—- 16.0 1.93 — 2.00 
D. dimidiatus 29.3 - 39.0 159-200 1.84: — 1.95 
D. pisanus 20.053 3.9 14.6 - 18.0 ESst—392 
D. marginalis marginalis BABU si ae our TDC 64° = 2:05 
D. marginalis czersk/i 28:7 = 32.6 1557 = 174 PS 91,66 
D. persicus 2933-924 15:0.— 16.0 BOZ 2.03 
D. delictus 2h 30.6 la7— 16:5 BES 1.owr 
D. /atissimus 38.6 - 44.0 23.0 > 20 155 — 1:62 
D. circumcinctus, Nearctic 2:5 34.0 13:Ge= 174) SO =-2.40 
D. circumcinctus, Palearctic 299 36.2 14.4 - 17.8 1,95;-°2;09 
D. alaskanus 2216-302 1). Sr 154 heOr 20K 
D. dauricus, Nearctic 29,7 -— 40:0 tore 2 Oat 1:36 2.035 
D. dauricus, Palearctic DINE a GHG 139 16.6 1.80 = 2:01 
D. lapponicus l/apponicus 24.1 = 30:0 1272s 15:3 1.90 - 1.96 
D. lapponicus disjunctus 250 — 280 13:0°—= 14.0 1.924 2.00 
D. circumflexus Pag LS 8) oH | 14,3) 16.0 1:89°=+2.07. 
D. thianshanicus 293° 305 14-08 115. 7 1.94 - 2.02 
D. /atro 29.4 23 18! ES eRe] 1.84 - 1.99 
D. sinensis 26.5 ~ 30 13.64— 16.0 1.94 —="1.:95 
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Table 4. List of teneral specimens of selected species of Dyt/scus Linnaeus 
(Coleoptera: Dytiscidae). (Abbreviated column headings: # = Number and sex of 
specimens [m = male, f = female]; colln. = collection in which specimens is held [see 
Section 2.1 for definition of museum codes)). 


Taxon / Locality Date # = Colln. 
D. verticalis Say 
Mi, Washtenaw Co., Ann Arbor 27 vil.30 1f UMMZ 
NH, Coos Co., Bretton Was. 1.ix.24 lif MEZE 
NY, Ulster Co., Ashokan 3. 1f  AMNH 
D. harrisii Kirby 
ONT, Goose Creek, nr. Severn R. 11.vi.56 2f ROMC 
ONTMPracaw. Co. 8.vii.39 Im UMMZ 
ONT? ProcedwaiiGo. 19.vii.39 1f UMMZ 
D. hybridus Aube 
MO, Oregon Co., 12 mi. e Alton 20.vi.40 Im  FMNH 
NY, Niagara Co., Olcott 16.vii.22 tm, CUS 
MIN, Nicollet Co., St. Peter 24.vii.22 2m, 4f DEFW 
Mi, Cheboygan Co., Douglas Lake vill.) 7 In, 258s 
D. marginico//is LeConte 
OR, Marion Co., Salem 31.v.28 1f USNM 
OR, Lane Co., Siltcoos Outlet TMOT Im FMNH 
BC, Vernon 12.vil.26 ie =CNIC 
CA, Amedee 2 1.vil.28 Im USNM 
ALTA, Medicine Hat 25. VilLZO 1f UMMZ 
D. carolinus Aube 
MA, Talbot Co., Wittman Livgws Im USNM 
D. fasciventris Say 
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MI, Cheboygan Co., Douglas Lake —Vii.23 jim e DEV. 
Mi, Cheboygan Co., =ViS5 1m UMMZ 
Mi, Alpena Co., Bean Cr. fae ticet ?4) 1f UMMZ 
D. hatchi Wallis 
BC, Smithers 15.viit.5 1 im (UeCZ 
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Table 4. concluded. 


Taxon / Locality 
D. cordier! Aube 


ONT, Belleville 

MN, Douglas Co., Alexandria 

MAN, Delta Res. Stn., L. Winnipeg 
MIN, Saint Louis Co., Duluth 

MAN, Winnipeg 
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ALTA, Waterways 
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Table 6. Distribution of dimorphic elytral states of females of D. dauricus Gebler, 
by political subdivisions of Canada and United States. Based on specimens examined 
assignable to particular subdivisions. 


Total Number Proportion Number Proportion 
Provin tat Number Sulcate Sulcate Non-sulcate Non-sulcate 
Alaska 78 ed. 99% 1 1% 
Yukon 10 9 90% 1 10% 
N.W.T. 13 8 62% 5 38% 
British Columbia 20 16 80% 4 20% 
Alberta 34 25 74% 9 26% 
Saskatchewan 1 1 100% @) 0% 
Manitoba 21 9 43% i 57% 
Ontario Ws 4 57% 2 43% 
Que., N.B. ¥, Wi 100% 0 0% 
P.E.|., Nova Scotia 5 5 100% 0 0% 
Newfoundland 18 13 72% 5 28% 
Wash., Oregon 10 10 100% 0 0% 
California 18 18 100% 0) 0% 
Idaho, Montana 6 6 100% @) 0% 
Nevada, Utah al 11 100% 0 0% 
Wyoming -@, 4 80% 1 20% 
Colorado 8 4 50% 4 50% 
N., S. Dakota 2 2 100% 6) 0% 
Wis., Mich., Minn. 18 18 100% 0 0% 
Vermont, New York 4 4 100% 0 0% 
N. Hamps., Maine ls, 19 100% 0 0% 
TOTAL 315 270 86% 45 14% 
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Table 7. Number of changes of state (derivation 
of apotypic state or reversal to plesiotypic state) 
for the 19 characters used for phylogenetic 
reconstruction of the genus Dyt/scus Linnaeus. All 
characters are scored as if existing in two states 
only. Based on Table 3 and Figure 30. 


Changes of State 
Za 3 


Character aj 35.4 5 6 
A X 
ou xX X 
4.5) X X 
4.5" te nn eK EK te ek 
4.6 X 
4.7 X 
bal Kee pose es 
6.1 X 
Tol Ko RS XE 
ers KOT EK 
Tie ee Ke Sek 
7.4 X 
TS » EID Somer Agee 6 
7.6 Ke Hare Pie, OX 
Vee: >, Sa, Gas ODS 
7.8 X 
73 X 
7.10 X 
7.1Al X X 
Total number of SP eae Ale 1 


characters undergoing 
given number of state 
changes 


Total number of state changes = 46. 
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Figure 1. Dorsal view of the body of species of Dytiscus L. 
A) D. verticalis, B) D.. harrisil,-G@) Da napiiis, 


D) D. hybridus. Scale bar represents 5 mm. 
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Figure 2. Dorsal view of the body of species of Dytiscus L. 
A) D. semisulcatus, B) D. sharpi, C) D. carolinus, 


D) D. fasciventris, E) D. hatchi. Scale bar represents 5 mm. 
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Figure 3. Dorsal view of the body of species and subspecies 
of Dytiscus L. A) D. cordieri, B) D. mutinensis, 
C) D. dimidiatus, D) D. pisanus, E) D. marginalis 


marginalis. Scale bar represents 5 mm. 
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Figure 4. Dorsal view of the body of species of Dytiscus L. 
A) D. delictus, 8) D.. latissimus, Cc) D. circumcinetus<. scale 


bar represents 5 mm. 
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Figure 5. Dorsal view of the body of species and subspecies 
of Dytiscus L. A) D. alaskanus, B) D. dauricus, 
C) D. lapponicus lapponicus, D) D. circumf lexus, 


E) D. thianshanicus. Scale bar represents 5 mm. 
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Figure 6. Dorsal view of the body of species of Dytiscus L. 


A) D. latro, B) D. sinensis. Scale bar represents 5 mm. 
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Figure 7. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species of Dytiscus L. 
Darkest specimen on left, lightest on right. Black or 
piceous is represented as black on the figure, yellow by 
white, and red by stippling with more dense stippling 
indicating darker red. A) D. verticalis, B) D. harristi, 


C) D.-hybridus, D) D.. marginicol tis: 


ee © oe 


302 


ec otece 
er esoree 


eee Sooee 
eeee 


eoeeehe 


eoeoropor 
PE PEaTS ks 


Ka ha aS oe nae 
oy ee a 
TOP ae ¥ 


F aa 

eee 
or” 
it 
i 


1 
i) 


¥ 


a 
t 


4 right. Black 


303 


Figure 8. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species of Dytiscus L. 
Darkest specimen on left, lightest on right. Black or 
-piceous 1S represented as black on the figure, yellow by 
white, and red by stippling with more dense stippling 
indicating darker red. A) D. habilis, B) D. semisulcatus, 


C) <D.. sharpis. DD), DD. sCaroki nus: 
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Figure 9. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species of Dytiscus L. 
Darkest specimen on left, lightest on right. Black or 
piceous is represented as black on the figure, yellow by 
white, and red by stippling with more dense stippling 
indicating darker red. A) D. fasciventris, B) D. hatchi, 


C) D. cordieri, D) D. mutinensis. 
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Figure 10. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species and subspecies 
of Dytiscus L. Darkest specimen on left, lightest on right. 
Black or piceous is represented as black on the figure, 
yellow by white, and red by stippling with more dense 
Stippling indicating darker red. A) D. dimidiatus, 


B) D. pisanus, C) D. marginalis marginalis, D) D. marginalis 


czerskii. 
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Figure 11. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species of Dytiscus L. 
Darkest specimen on left, lightest on right. Black or 
piceous is represented as black on the figure, yellow by 
white, and red by stippling with more dense stippling 
indicating darker red. A) D. persicus, B) D. delictus, 


G)D. Jatissimis, DJ 7D. -Cirecune inerus. 


stetna of species € 


4 atdeomi 


asia 4 
j yen eo. on lett, bighbteet on right. Blegn ore. 


fay nee g biagi dn thay Tiqure pay 


. 


ily ae ys mn Rie a Ma Ble 

a 3 mie i vf i ae ee a <a ty rr G = 
1. a a a di} i a is ie mh hI tps Pei) 7 ‘ey 

; Me 1 6% ey 7 1s 4 ’ eein Wal 

: 7; if F a a 


Ax einotassnes ail £1 stot 
eA Sohsaga te. pniese I ok “Wie 3ioeitodiowsq 
a ne anal het fo Aemlodqe feedzed .0 euce\ iY to 
a3 tid doula ea beinewexgss ei euoszigq to Adela 
enitagize xd be prtne! | beithe.ya\ vostey 


G. Uk .5ai + Hy, i -paiigalbos~ougiqgtie 


Figure 12. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species and subspecies 
of Dytiscus L. Darkest specimen on left, lightest on right. 
Black or piceous is represented as black on the figure, 
yellow by white, and red by stippling with more dense 
Stippling indicating darker red. A) D. alaskanus, 

B) D. dauricus, C) D. lapponicus lapponicus, 


D) D. lapponicus disjunctus. 
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Figure 13. Schematic representation of colour pattern of 
pterothoracic and abdominal sterna of species of Dytiscus L. 
Darkest specimen on left, lightest on right. Black or 
piceous is represented as black on the figure, yellow by 
white, and red by stippling with more dense stippling 
indicating darker red. A) D. circumf lexus, 


B) D. thianshanicus, C) D. latro, D) D. sinensis. 
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Figure 14. Scanning electron micrographs of apex of median 
lobe of males of species of Dytiscus L. Lateral view on 
left, dorsal in centre, ventral on right. Scale bar is 1 mm. 
A) D. verticalis, B) D. harrisii, ¢) 0. hybridus; 


D) D. marginicollis. 
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Figure 15. Scanning electron micrographs of apex of median 
lobe of males of species of Dytiscus L. Lateral view on 
left, dorsal in centre, ventral on right. Scale bar is 1 mm. 
A) D. habilis, B) D. semisulcatus, C) D. sharpi, 


D) D. carolinus. 
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Figure 17. Scanning electron micrographs of apex of median 
lobe of males of species and subspecies of Dytiscus L. 
Lateral view on left, dorsal in centre, ventral on right. 
Scale bar is 1 mm. A) D. dimidiatus, B) D. pisanus, 


C) D. marginalis marginalis, D) D. marginalis czerskii. 
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Figure 18. Scanning electron micrographs of apex of median 
lobe of males of species of Dytiscus L. Lateral view on 
left, dorsal in centre, ventral on right. Scale bar is 1 mm. 
A) D. persicus, B) D. delictus, C) D. latissimus, 


D) D. circumcinctus, Palearctic specimen. 
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Figure 19. Scanning electron micrographs of apex of median 
lobe of males of species and subspecies of Dytiscus L. 
Lateral view on left, dorsal in centre, ventral on right. 

A) D. circumcinctus, Nearctic specimen, B) D. alaskanus, 

C) D. dauricus, D) D. lapponicus lapponicus. E) Underside of 


apical knob of median lobe of D. Japponicus lapponicus. 


Scale bar is 1 mm. 
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Figure 20. Scanning electron micrographs of apex of median 
lobe of males of species of Dytiscus L. Lateral view on 
left, dorsal in centre, ventral on right. Scale bar is 1 mm. 
A) D. circumflexus, B) D. thianshanicus, C) D. latro, 


D) D. sinensis. 
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Figure 21. Left metacoxal process, trochanter and base 


metafemur of species of Dytiscus L. A) D. verticalis, 


Is) YO) 


E) 


~~ 
SS Ss 


harrisii, C) D. hybridus, D) D. marginicollis, 
habilis, F) D. semisulcatus, G) D. sharpi, 
carolinus, 1) D. fasciventris, J) D. hatchi, 
cordieri, L) D. mutinensis, M) D. dimidiatus, 


pisanus. 
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Figure 22. Left metacoxal process, trochanter and base of 


metafemur of species and subspecies of Dytiscus L. 


A) D. 


C) 


— 
DO So 2 


marginalis marginalis, B) D. marginalis czerskii, 
persicus, D) D. delictus, E) D. latissimus, 
circumcinctus, G) D. alaskanus, H) D. dauricus, 
lapponicus lapponicus, J) D. lapponicus disjunctus, 
circumf lexus, L) D. thianshanicus, M) D. latro, 


sinensis. 
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Figure 23. Structural features of species of Dytiscus L. 

A) Frontal view of head of D. harrisii. B) Frontal view of 
head of D. cordieri. C) Protarsomere IV and V plus claws of 
male of D. hatchi. D) Protarsomere IV and V plus claws of 
male of D. fasciventris. E) Mesotarsomere IV and V plus 
claws of female of D. hatchi. F) Mesotarsomere IV and V plus 
claws of female of D. fasciventris. G) Protarsomere IV and V 
plus claws of male of D. mutinensis. H) Protarsomere IV and 
V plus claws of male of D. dimidiatus. I) Mesotarsomere IV 
and V plus claws of female of D. pisanus. J) Mesotarsomere 


IV and V plus claws of female of D. delictus. 
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Figure 24. Known distribution as represented by locality 
information for species of Dytiscus L. A) D. verticalis, 
B) D. harrisii, C) D. hybridus, D) D. marginicollis (e) and 


D. habilis (x). 


Z SPECT, Sey a cet ee OP Ve 
( era TS 
4 ‘ ; 


336 


Figure 25. Known distribution as represented by locality 
information for species of Dytiscus L. A) D. semisulcatus, 
B) D. sharpi, C) D. carolinus, D) D. fasciventris, 


E) D. hatch, 
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Figure 26. Known distribution as represented by locality 
information for species of Dytiscus L. A) D. cordieri, 


B) D. mutinensis, C) D. dimidiatus, D) D. pisanus. 
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Figure 27. Known distribution as represented by locality 
information for species and subspecies of Dytiscus L. 

A) D. marginalis marginalis (filled and open circles) and 
D. marginalis czerskii (triangles), B) D. persicus, 

C) D. delictus, D) D. latissimus, E) D. circumcinctus, in 


Palearctic region, F) D. circumeinctus, 1m Nearctic region. 
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Figure 28. Known distribution as represented by locality 
information for species and subspecies of Dytiscus L. 

A) D. alaskanus, B) D. dauricus, in Palearctic region, 

C) D. dauricus, in Nearctic region, D) D. lJapponicus 
Japponicus (filled circles and open boxes) and D. Japponicus 


disjunctus (triangles). 
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Figure 29. Known distribution as represented by locality 
information for species of Dytiscus L. A) D. circumf lexus, 


B) D. thianshanicus, C) D. latro, D) D. sinensis. 
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Figure 30. Phylogeny of species of Dytiscus L. Filled 
circles signify apomorphic states and open circles 
plesiomorphic states. Species groups of Dytiscus are 
indicated by vertical lines with a check mark denoting 
nominate species. Filled ellipses indicate distribution in 


Palearctic or Nearctic regions 
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Figure 31. Chorological and phylogenetic relationships of 
species of the D. verticalis- and D. hybridus-groups. 
Generalized from Figures 24 and 30. Occurrence of taxa in 


areas delimited by darker lines is indicated by symbol in 


legend. 
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